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I.  SUMMARY 


Contract  DA-44-177-TC-584  with  the  U.S.  Army  Transportation  Research 
Command  requires  that,  in  addition  to  bi-monthly  technical  progress 
reports,  comprehensive  reports  of  major  work  phases  be  prepared  and 
submitted  to  the  contracting  officer.  Previous  reports  submitted  under 
this  requirement  are: 

-  X353-5  Pan  Design  Report,  May  30,  1960.  (Proprietary) 

-  Fabrication,  Teat,  and  Analysis  of  a  Tip  Turbine  VTOL 
Propulsion  System  (Report  of  Phase  I,  Static  Tests,  Fuselage 
Mounted  X353-5)  TREC  60-42,  August  31,  1960. 

-  Results  of  Wind  Tunnel  Tests  of  a  Full-Scale,  Fuselage- 
Mounted,  Tip-Turbine -Driven  Lift  Fan  (Report  of  Phase  II 
Tests  Volumes  1,  2  and  3)  TREC  61-15,  January  1961, 

October  1961,  and  March  1962. 

-  Results  of  Static  Tests  of  a  Full-Scale,  Wind-Mount  d,  Tip- 
Turbine-Driven  Lift  Fan,  TREC  62-21,  October  1961. 

This  ia  the  required  report  for  the  final  portion  of  Phase  II  contract 
work.  It  includes  the  results  of  the  full-scale,  wing-mounted  X353-5 
and  X353-5B  fans  obtained  during  a  two-part,  107 -fan-hours,  wind  tunnel 
test  program  in  the  NASA,  Ames,  40'  x  80'  wind  tunnel.  In  addition, 
this  report  includes  the  results  of  an  additional  6  hours  of  outdoor 
ground  effect  testing  at  Ames,  The  main  sections  are: 

-  Wind  Tunnel  Model  (Section  II) 

i 

i 

/ 

-  Test  Instrumentation  (Section  III) 
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-  Test  Procedures  and  Results  (Section  IV) 

>  Analysis  of  Test  Results,  Conclusions,  and  Discussions  of 
Any  Problems  Encountered  (Section  V) 

-  Hardware  Inspection  Results  (Section  VI) 

-  Program  Recommendations  (Section  VII) 

-  References  (Section  VIII) 

-  Basic  Data  (Appendix  A) 

-  Figures,  Charts, and  Graphs  (Appendix  B) 

The  basic  test  data  obtained  for  every  test  point  are  tabulated  in 
Appendix  A.  A  few  Items  of  summary: 


Tunnel  Speed  (Vp) 

Angle  of  Attack  (a) 

Fan  Speed  (Np) 

Exit  Louver  Angle: 

Single  Actuation 
Differential  Actuation 

Wing  Flap  Angle  (6^) 

Tail  Position 

Tail  Incidence  Angle  (i^.) 

Yaw  Angle  (Y) 

h/dp  (ground  proximity  testing)* 
J85  Engine  Speed 


0  to  125  Knots 
-4°  to  20° 

0  to  2640  rpm  (1001) 

o  o 

0  to  50  vector 

0°  to  45°  vector  and 

-18°  to  50°  stagger 

0°,  30°  and  60° 

off  and  low 

-4°  to  20° 

-12°  to  12° 

0.98  to  1.82 

0  to  16,500  rpm  (1007.) 

0  to  0.6 


Where:  h  is  the  distance  between  the  lower  wing  surface  and  the  ground 
and  dp  is  the  fan  blade  tip  diameter. 
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Analyses  of  the  results  are  presented  In  considerable  depth,  defining 
basic  aircraft,  fan  internal  system,  and  fan  mechanical  performance, 
in  the  wind  tunnel,  as  a  function  of  several  configuration  changes  and 
the  variables  listed  above.  In  addition,  the  static  fan  and  system 
performance  is  analyzed  as  a  function  of  ground  proximity.  A  few  items 
of  performance  conclusions  are  listed  below: 

AERODYNAMIC 

1.  Open  fan  inlets  and  exits,  simulating  the  aircraft  configuration 

which  may  exist  during  conversion,  had  the  following  performance 

characteristics  relative  to  the  basic  aircraf t : • - C,  decreased. 

L  max.  •  - 

0.38;  Cpo  increased  0.01;  and  longitudinal  static  stability  margin 
increased  0.11. 


2.  Static  longitudinal  stability  of  the  powered  aircraft  was  essentially  . 

the  same  as  the  power-off  case.  " 

3.  Tail  downwash  with  the  fans  operating  was  a  function  of  velocity  ratio  . 
(Vp/Vtip)  and  was  approximately  three  times  the  fan-in-fuselage  value. 

4.  Transition  performance  with  three  different  inlets  tested  was  nearly 

identical  in  spite  of  vastly  different  internal  fan  performance.  ■' 

characteristics,  .  ’ 

5.  The  transition  characteristics  and  maximum  conversion ’■  speed  for  the 
fan-in-wing  were  essentially  the  same  as  for  the' fan-in-fuselage 
installation. 

6.  Take-off  conversions  required  fts  10°  angle  of  attack  and  tail  incidence 
angle  changes;  however,  landing  transitions  could  be  demonstrated 
with  practically  no  trim  changes  at  conversion  (low  fan  speeds) . 
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7.  The  inlets  tested  recover  little  or  none  of  the  available  ram 
pressure  compared  with  the  near  100%  recovery  of  the  fan-in-fuselage 
installation.  The  high  conversion  speeds  attained  were  a  result 

of  lower  exit  louver  losses  and  an  increased  fan  pressure  ratio  at 
high  transition  speeds. 

8.  Incremental  interaction  lift  improvement  offset  decreased  fan  per¬ 
formance  for  the  fan-in-wing  installation  resulting  in  system 
performance  similar  to  the  fan-in-fuselage  configuration. 

9.  Interaction  drag  was  insignificant  (within  data  accuracy)  and  had  no 
sizable  effect  on  fan  powered  performance. 

10.  Interaction  pitching  moments  up  to  conversion  speeds  were  directly 
proportional  to  fan  ram  drag  and  were  equivalent  to  a  ram  drag 

■  force  acting  1.8  fan • diameters  above  the  fan  inlet  (the  comparable 
number  for  the  fan-in-fuselage  was  1.6). 

11.  Moderate  angle  of  attack  changes  (-4°  to  +8°)  and  yaw  angle  changes 
(-8°  to  +8°)  did  not  affect  the  fan  performance  appreciably. 

12.  The  X353-5B  (redesigned)  rotor  produced  essentially  the  same  thrust 
at  design  horsepower  as  the  X353-5  rotor;  the  required  rotational 
speed  was  37.  to  47.  lower. 

13.  Both  type  rotors  tested  unload  rapidly  (overspeed)  in  cross  flow, 
compared  with  practically  no  unloading  in  the  fan-in-fuselage 
installation. 

14.  Fan  flow  and  fan  lift  for  the  X353-5B  rotor  at  0.98  h/d_  were  9% 

F 

and  7  1/27.  lower,  respecitvely ,  than  at  1.82  h/d^  height.  The 
measured  total  lift  was  ns  9%  higher  indicating  17%  positive 
aircraft  ground  effect  at  0.98  h/d^,. 
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15.  The  fan  (X353-5B)  did  not  unload  appreciably  in  ground  effect; 
constant  speed  was  essentially  equivalent  to  constant  power 
performance. 

MECHANICAL 


1.  Cosine  28  stress  in  the  fan-in-wing  installation  was  a  function  of 
cross-flow  velocity  and  exit  louver  angle  setting:  it  was  not 
significantly  affected  by  inlet  doors,  mid-wing  configuration, 
angle  of  attack  and  yaw  angle;  it  was  Independent  of  transient 
time  and  not  as  sensitive  to  exit  louver  angle  setting  as  the  fan- 
in-fuselage  Installation.  Maximum  measured  stress  was  58. 2%  of 
maximum  allowable  (X353-5B)  and  occurred  at  a  fan  rpm  of  2050, 
tunnel  velocity  of  125  knots  and  exit  louver  setting  of  35°. 

2.  The  first  flexural  blade  stress  increased  with  cross-flow  velocity 
and  was  a  function  of  exit  louver  angle  setting;  running  stress 
limit  of  10,000  psi  was  slightly  exceeded  above  100  knots  and  45°  8; 
X353-5B  blade  with  the  single  hook  dovetail  design  should  permit 
higher  stress  operation  limited  by  the  tip  tang  strength  (tests  to 
determine  tip  tang  fatigue  limit  are  in  process). 

3.  Conversion  transient  stresses  are  no  higher  than  for  steady  state 
operation  at  this  (p»  125  knots)  flight  condition. 

4.  Reducing  the  admission  arc  by  50%  simulating  one  engine-out  operation 
increased  the  cosine  20  mode  blade  stresses  by  52%  at  60  knots. 

5.  A  circular  vane  plus  fixed  side  vane  inlet  was  selected  as  best  tested 
based  on  satisfactory  mechanical  and  aerodynamic  performance  and 
relative  simplicity  of  design. 

6.  Addition  of  inlet  closure  doors  increased  first  flexural  blade  stress 
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from  50%  to  approximately  80%  of  running  stress  limit  at  60  knots. 
Combined  blade  stress  also  increased  at  higher  fan  speeds  because 
of  a  larger  first  flexural  component. 

7.  Blade  and  stator  stresses  were'  not  significantly  affected  by  ground 
proximity  (less  than  10%  stress  level  increase  over  the  out-of¬ 
ground  effect  values  for  all  critical  stress  modes). 

8.  Blade  stresses  increased  with  flight  velocity.  At  125  knots  flight 
speed,  combining  all  stresses  present,  the  blade  airfoil  and  single 
hook  dovetail  are  within  infinite  life  limits.  Without  inlet  doors 
installed,  the  tip  tang  is  near  its  stress  limit  (first  flexural) 
as  it  is  currently  established. 
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II.  WIND  TUNNEL  MODEL 


The  full-scale  aircraft  modal  vaa  designed,  fabricated  and  aaseafeled 
by  NASA  at  the  Amea  Research  Center.  The  test  configuration  In¬ 
cluded  an  X353-5  lift  fan  installed  in  each  wing  and  a  TJ85-5  turbojet 
engine  mounted  under  each  ving  near  the  fuselage  (see  Figure  1) . 

The  wind  tunnel  fan -In -wing  test  program  required  two  periods  of 
testing.  The  details  of  specific  components  of  the  wind  tunnel  model 
for  Period  I  tasting  are  described  first.  For  Period  II  testing, 
only  the  modifications  to  the  test  model  configuration  are  described. 

PERIOD  I  TESTING 

Airplane  Model: 

The  airplane  model  consisted  of  structural  steel  load-carrying 
members  with  the  aerodynamic  shape  fabricated  of  contoured  wood 
and  sheet  metal.  The  wing  section  was  an  NACA  65-210  series  air¬ 
foil  and  was  sized  to  change  from  fan  lift  to  wing  lift  at  about 
100  knots  flight  speed  for  a  gross  weight  of  14,100  lbs.  (equal 
to  fan  hover  lift  at  full  power).  The  fan  axis  passed  through 
the  wing  40%  chord  line.  Plain  flaps  extended  from  approximately 
17%  to  64%  of  the  wing  semi -span  and  were  adjustable  for  a  0°, 

30°,  or  60°  angle.  The  wing  was  made  with  removable  tips  to  per¬ 
mit  the  testing  of  two  different  wing  configurations.  A  sketch 
of  the  airplane  model  with  pertinent  geometric  data  for  both  wing 
configurations  and  the  tall  are  presented  in  Figure  2. 

Lift  Fans  : 

Lift  fans  installed  in  the  aircraft  model  were  X353-5,  S/N  001, 
in  the  left  wing  and  X353-5,  S/N  002,  in  the  right  wing.  Specific 
assembly  details  are  presented  for  each  fan. 
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S/N  OOl  Assembly: 

This  fan  had  been  used  in  development  tests  (fan-in-fuselage)  for 
106  hours  prior  to  this  testing.  There  had  been  four  overhauls; 

17  hours,  13  minutes  of  operation8  were  accumulated  since  the 
last  overhaul  and  prior  to  use  in  this  model. 

Forward  Frame  -  Cold  radial  clearance  of  the  air  seal  in  this 
frame  was  0.050  inches.  This  clearance  had  been  approximately 
0.150  inches  for  fan-in-fuselage  testing  but  was  reduced  at  the 
last  overhaul  in  preparation  for  the  fan-in-wing  installation, 
which  is  more  sensitive  to  leakage  between  the  turbine  and  fan 
streams . 

Rotor  -  The  rotor  assembly  incorporated  a  two-piece  torque  band 
and  rotating  seal  arrangement  corresponding  to  the  configuration 
designated  Design  A  in  reference  18  (see  Fan  Modification  in 
Section  II).  These  parts  were  new  at  the  last  overhaul  and  had, 
therefore,  accumulated  only  17  hours,  13  minutes  of  running  time. 

Rear  Frame  and  Scroll  -  Scroll  mount  shims  were  altered  to  increase 
scroll  to  rear  frame  radial  clearance.  This  was  done  to  provide 
additional  clearance  for  rear  frame  growth  with  temperature  and 
reduce  the  possibility  of  turbine  shroud  rubs  which  had  been  ex¬ 
perienced  in  fan  S/N  002  during  static  fan -in -wing  testing.- 

Exit  Louvers  -  Most  fan  S/N  002  louvers  had  to.  be  replaced  to 
accommodate  a  right  wing  installation.  In  as  much  as  they  already 
were  modified  to  provide  thrust  spoiling  as  well  as  vectoring 
capability  (see  reference  19,  Fan  Assembly  Details  in  Section. II), 
they  were  used  wherever  possible  to  replace  S/N  001  louvers  in  the 


Reference  18 
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S/N  001  fan.  The  replacement  louvers  had  an  accumulated  operating 
time  of  m  S3  hours  (reference  19). 

S/N  002  Assembly: 

This  fan  had  been  used  previously  for  fan-ln-wing  static  testing 
at  Evendale  for  S3  hours.  The  fan  was  overhauled  in  preparation 
for  this  program. 

Forward  Frame  -  Minimum  cold  radial  clearance  of  the  air  seal  in 
this  frame  was  0.141  inches.  The  maximum  gap  for  the  combination 
of  minimum  rotor  runout  point  and  maximum  air  seal  runout  point 
was  estimated  to  have  been  w  0,266  Inches.  This  estimate  was 
based  on  the  measured  minimum  clearance  plus  the  design  tolerances 
(+  1/16  inch)  of  the  forward  torque  band  seal  lip  and  honeycomb. 

Rotor  -  The  rotor  assembly  incorporated  a  tapered  single  piece 
torque  band-seal  corresponding  to  the  configuration  designated 
Design  B  in  reference  18  (see  Fan  Modification  in  Section  II). 

Exit  Louvers  -  Both  fans  S/N  001  and  002  were  designed  for  in¬ 
stallation  in  a  wing  with  the  scroll  positioned  to  the  right.  In 
order  to  locate  the  scroll  next  to  the  fuselage  for  the  right  wing 
installation,  Fan  002  had  to  be  rotated  180°.  Because  of  this, 
the  exit  louver  system  also  had  to  be  reversed.  Figure  3  shows 
schematics  of  the  louver  system  for  both  left  and  right  wing  in¬ 
stallations.  The  fundamental  change  in  louver  location  can  be 
visualized  as  separating  the  exit  louver  system  from  the  frames 
and  rotating  the  frame  180°.  Wherever  practical,  existing  louvers 
were  used,  but  attached  to  the  opposite  side  of  the  rear  frame 
strut.  Where  noted  in  Figure  3,  new  louvers  were  required  to  make 
a  satisfactory  cascade.  The  shaded  areas  in  the  figure  indicate 
where  complete  coverage  is  not  provided,  when  the  louvers  are  fully 
closed.  The  exit  louvers  on  this  fan  were  also  equipped  for 
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staggered  louver  operation  (for  thrust  spoiling) .  Since  the  test 
linkage  system  would  not  permit  full  closed,  3  =  90°,  positioning, 
removal  of  the  staggering  attachments  was  necessary  when  full  closure 
was  required  for  unpowered  aircraft  performance  investigation. 

Inlet  Configurations: 

As  a  result  of  scale  model  studies  and  the  review  of  inlet  test  re¬ 
sults  with  NASA  and  TRECCM,  three  inlet  configurations  were  manu¬ 
factured  in  full-scale  test  hardware  for  the  wind-tunnel  program. 

They  were : 

a.  Circular  vane  (Figure  4) 

b.  Circular  vane  with  fixed  side  vanes  (Figure  5) 

c  Circular  vane  with  articulated  spanwise  louvers  (Figures  6 
and  7) 

The  circular  vane  inlet  consists  of  a  constant  section  cambered 
airfoil  that  extends  around  the  full  360°  of  the  inlet  and  is 
flush  with  the  upper  wing  surface. 

The  fixed  side  vanes  form  a  cascade  of  five  parallel  spanwise  air¬ 
foils,  equally  spaced  and  variously  cambered  from  moderate  camber 
in  front  to  zero  at  rear.  They  are  welded,  at  one  end,  to  a  cap  that 
fits  over  the  bulletnose  and  at  the  other  end,  to  the  circular  vane. 

The  circular  vane  with  articulated  spanwise  louvers  consists  of 
fixed  side  vanes  with  hinged  movable  vanes  attached  to  the  leading 
edge .  The  movable  vanes  protrude  into  the  free  stream  and  when 
fully  closed  form  the  wing  upper  surface.  Figure  8  shows  the 
angular  displacement  of  the  vanes  relative  to  an  indicator 
reading.  A  schedule  of  indicator  reading  versus  cross-flow 
velocity  (Figure  9),  determined  from  previous  scale  model  testing, 
was  used  as  a  guide  for  choosing  vane  settings  during  this  testing. 
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Covered  Inlets: 


Closed  inlets  were  required  for  some  of  the  unpovered  aircraft 
performance  testing.  Inlet  covers  used  for  this  were  made  of 
plywood  shaped  to  conform  to  the  contour  of  the  wings. 

YJ85-5  Engines: 

Each  of  the  fans  was  powered  bye  YJ85-:?  engine  equipped  with  an 
electric  starter.  The  idle  speed  of  the  -5  model  is  m  45X  rpm 
compared  with  ra  72 X  rpm  for  the  -7  model  engine  used  in  previous 
tests.  This  made  it  possible  to  conduct  very  high  velocity  ratio 
tests  at  lower  tunnel  speeds. 

Diverter  Valves: 

A  second.  Air  Force  owned,  X3S3-5  diverter  valve  (S/N  002)  was 
borrowed  for  this  test  program.  The  other  X353-5  diverter  valve 
used  (S/N  001)  is  also  Air  Force  owned  and  had  been  Incorporated 
in  previous  fan-in-wing  static  tests  at  Evendale  (reference  19). 
Effective  discharge  area  for  the  engines  was  adjusted  by  position¬ 
ing  the  valve  doors  for  appropriate  levels  of  leakage.  The  tests 
described  in  this  report  are  the  first  tests  of  the  X353-5 
diverter  valve  in  a  wind  tunnel  environment. 

PERIOD.  H  lEgiiflc 

Airplane  Model : 

The  fuselage  was  modified  by  NASA  to  support  a  removable  cap  which 
was  used  for  some  runs  to  simulate  the  fan  inlet  environment  of 
the  VZ-11  airplane  (see  Figure  10).  Simulated  leading  edge 
(Kruger)  flaps  were  also  provided  by  NASA  for  attachment  to  the 
wings  during  part  of  the  Period  II  testing  (see  Figure  11)  .  Also 


a  S/N' s  230-155  and  -157 
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for  Period  II  testing,  a  different  mounting  system  above  the  wind- 
tunnel  support  struts  was  used.  The  change  in  tunnel  tares  be¬ 
cause  of  this  is  discussed  in  the  Analysis. 

Lift  Fans : 

In  preparation  for  Period  II  testing  (teat  points  923  through  1439), 
?an  001  was  rebuilt  using  an  X353-5B  rotor,  S/N  009,  equipped  with 
a  new  disc  and  blades  which  are  different  in  two  major  aspects: 

1.  Dovetail  design  -  117.  longer  with  a  single  hook 
instead  of  three  hooks. 

2.  Rotor  blade  reorientation  -  open  3°  uniformly  from 
tip  to  hub. 

This  rotor  also  incorporated  the  two-piece  torque  band-seal  design 
and  re-used  rotor  002  carriers.  The  forward  air  seals  were  re¬ 
ground  to  provide  0.089  inches  cold  clearance  at  the  torque  band- 
seal  lip. 

Two  additional  rear-frame  stator  stiffening  rings  were  designed  and 
installed  in  Fan  001  for  use  in  the  initial  high  speed  runs  in  the 
tunnel  (see  Figure  12) .  They  were  made  so  that  they  can  be  cut  into 
segments  and  removed  and  then,  if  necessary,  be  reinstalled  with¬ 
out  requiring  a  fan  disassembly. 

Fan  002  was  rebuilt  using  the  rotor  from  Fan  001.  This  was  done  so 
that  both  fans  would  utilize  the  two-piece  torque  band  configuration 
and  compile  more  operating  time  on  this  design;  this  torque  band  had 
an  accumulated  operating  history  of  50:05  hours  prior  to  Period  II 
testing.  The  minimum  clearance  of  the  forward  torque  band-seal  lip 
to  honeycomb  was  0.140  inches;  the  maximum  gap  for  the  combination 
of  minimum  rotor  runout  point  and  maximum  air  seal  runout  point  is 
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estimated  to  have  been  mt  0.265  inches.  For  the  previous  buildup 
of  Fan  002,  these  tolerances  were  0.141  and  0.266  Inches,  respectively 

Both  fan  scrolls  were  modified  to  accommodate  a  scroll  blocker 
(see  Figure  13)  which,  when  installed,  blocked  off  half  of  the 
scroll  to  simulate  a  one  engine-out  condition  for  a  VZ-11  type 
ducting  arrangement.  Each  scroll  was  fitted  with  a  removable  spacer 
at  the  bellows-scroll  joint  so  that  the  installation  of  the  scroll 
blocker  was  possible  during  a  special  run  without  a  mounting  dis-  - 
turbance.  When  the  scroll  blocker  was  installed,  it  was  also 
necessary  to  make  a  corresponding  discharge  nozzle  change  and  a 
diverter  valve  position  adjustment  to  discharge  half  of  the  J85 
gas  through  the  "cruise"  nozzle. 

Inlet  and  Inlet  Closures: 

The  circular  vane  plus  fixed  side  vanes  inlet  configuration  was 
selected  for  the  Period  II  testing  and  was  installed  in  the  fans 
after  the  fans  were  mounted  in  the  wings.  Simulated  inlet  closures 
were  designed  and  fabricated  for  the  Period  II  testing.  The  con¬ 
figuration  tested  was  a  set  of  fiberglass  "butterfly"  doors  that 
attach  to  the  fan  front  frame  with  the  tips  guy-wired  to  the  wings 
(see  Figure  14).  Two  design  variations  were  tried:  one  with 
fairings  which  streamline  the  fan  bulletnose  on  closing;  the  other 
plain. 

GROUND  EFFECTS  TESTING 

To  avoid  reingestion,  special  engine  inlets  were  installed  for  the  ground 
effects  testing  as  shown  in  Figures  15  and  16.  The  platform  shown  in 
Figure  16  was  used  to  simulate  the  ground  plane  for  testing  at  smaller 
values  of  h/dy  Figures  17  and  18  show  in  more  detail  the  degree  of 
confinement  presented  the  fan.  Note  that  the  left  wing  tip  was  removed 
to  avoid  aB  much  extraneous  aircraft  ground  effect  as  possible. 
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As  shown  in  Figure  19,  the  inlet  fixed  side  vanes  tested  in  the  wind 
tunnel  were  removed  and  in  their  place  stub  vanes  were  welded  to  the 
circular  vane  pointing  radially  toward  the  hub.  The  purpose  of  this 
configuration  was  to  remove  the  unrealistic  flow  disturbances  which 
would  be  generated  by  the  relatively  crude  test  hardware  used  to  attach 
the  vanes  to  the  hub.3  The  stub  vanes  retained  the  primary  performance 
penalty  of  the  side  vanes,  the  junctions  at  the  circular  vane. 


A  bulletnose  cover  was  used  to  support  the  fixed  side  vanes;  the  fit 
was  poor  resulting  in  fan  inlet  area  blockage  of  «  1  1/2%. 
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III.  TEST  INSTRUMENTATION 


The  instruments  used  throughout  this  test  were  essentially  the  same 
types  used  for  the  previous  fan-in-fuselage  static  and  wind  tunnel 
tests  and  the  fan-in-wing  static  test.  (For  a  general  description 
see  pages  69-90,  reference  15).  Table  I  shows  the  type  and  quantity 
of  internal  data  recorded  for  the  two  tunnel  tests  and  the  February 
1962  outdoor  test.  During  the  August  1961  outdoor  test  only  operational 
Instrumentation  and  temperature  instrumentation  to  measure  relngestion 
were  used. 

For  the  tunnel  testing,  the  integral  lift-drag-moment  force  measurement 
system  was  used  (see  reference  16,  Figures  5  and  12  for  details). 

For  the  February  1962  outdoor  test,  the  contractor  provided  three,  strain 
gage  type,  air-cooled  load  cells  and  related  readout  equipment.  These 
load  cells  were  capable  of  recording  lift  only. 

FAHS  -  AERODYNAMIC 

Extensive  pressure  instrumentation  was  installed  in  the  fans  to  monitor 
internal  performance  characteristics  such  as  flow,  pressure  ratio, 
distortion,  and  inlet  recovery.  In  addition,  pressure  and  temperature 
instrumentation  at  the  diverter  valve  inlet  plane  was  installed  to 
provide  a  measurement  of  total  available  horsepower  supplied  to  the 
fans.  Figure  20  shows  the  locations  of  the  instrumentation  planes  in 
the  fan  and  engine,  and  Table  II  shows  the  breakdown  by  instrument 
planes.  All  of  the  pressure  signals  were  displayed  on  water;  alkazine3 
or  mercury  photo-manometers  and  photographs  were  obtained  '"or  each 
data  point,*5  Temperature  data  were  recorded  on  flight  recorders  and 


A  manometer  fluid  with  specific  gravity  of  1.75. 

All  pressure  recording  equipment  were  provided  by  NASA. 
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TABLE 
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Total  181  279  180  153 

'includes  the  two  YJ85-5  engines;  ^Increased  to  97  beginning  with  Run  10; 
Decreased  to  170  beginning  with  Run  10. 


mulct  channel  potentiometers. 

FANS  -  MECHANICAL  AND  OPERATIONAL 

Fan  mechanical  and  operational  instruaientatlon  consisted  of  fan  speed, 
axial  and  radial  vibration  transducers,  vibratory  strain  gages  on 
rotor  blades, torque  bands  and  stator  vanes,  and  torque  band  thermo¬ 
couples  (rotating) . 

All  of  the  rotating  signals  were  transmitted  through  a  slipring. 
Strain-gage  signals  could  be  visually  monitored  continously  on  24  scopes 
and  could  be  simultaneously  recorded  on  a  24  channel  tape  system. 
Switching  circuits  were  incorporated  to  allow  a  choice  of  up  to  four 
different  signals  to  be  monitored  and  recorded  on  each  of  the  24  availa¬ 
ble  channels,  giving  a  capability  of  monitoring  and  recording  a  total  of 
96  strain-gage  signals. 

ENGINE  -  OPERATIONAL 

Standard  engine  instrumentation  was  used  during  the  test  Including: 
engine  speed,  compressor  discharge  pressure,  oil  pressure  and  tempera¬ 
ture,  fuel  pressure,  exhaust  gas  temperature,  throttle  position  and 
vibration  transducers. 

AIRCRAFT  -  AERODYNAMIC 

The  aircraft  left  wing  was  Instrumented  with  five  stations  of  static 
pressures.  See  Table  III.  The  right  wing  was  instrumented  with  static 
pressures  at  the  same  five  span  stations  but  extended  only  to  «  5%  of 
the  chord.  Comparison  between  peak  pressure  profiles  Indicated  the 
wing  performance  to  be  symmetrical. 

MISCELLANEOUS 

During  the  outdoor  tests  in  August  1961  and  February  1962,  temperature 
data  on  the  fuselage  and  in  the  fan  discharge  vicinity  were  recorded. 
Twelve  fuselage  skin  thermocouples  and  a  movable  stand  with  29  therma- 
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couples  In  •  grid  were  used  for  this  purpose.  Sound  intensity  and 
directivity  measurements  were  also  taken  during  the  outdoor  tests  to 
determine  sound  pressure  levels  as  a  function  of  fan  speed. 

Forces  on  the  inlet  doors  (right  wing)  during  transition  were  measured 
with  ring-type  strain-gage  load  calls  Installed  in  four  of  the  six 
cables  which  held  the  doors  in  place.  Cable  tension  was  maintained  with 
"soft"  springs  to  accommodate  tunnel  temperature  changes  and  wing 
deflections. 

Strain  gages  were  Installed  on  the  exit  louver  actuating  rods  to  measure 
steady  state  loads  on  the  louvers  as  a  function  of  vector  angle  during 
both  static  and  cross -flow  testing. 


The  testing  required  a  total  of  113  hours  and  40  minutes  of  fen 
operation  (two  fans)  and  was  conducted  during  the  periods  from 
September  15,  1961, to  October  27,  1961,  and  from  January  9,  1962,  to 
February  8,  1962. 

TEST  OBJECTIVES  AND  LIMITS 

The  formulation  of  tha  teat  objectives  and  the  subsequent  development 
of  the  detailed  test  plan  were  accomplished  co-operatively  by  TRECOM, 

NASA  and  contractor  personnel. 

The  program  had  the  following  basic  objectives: 

1.  To  obtain  basic  unpowered  aircraft  performance  information  with 
and  without  the  tail  Installed. 

2.  To  evaluate  the  effect  of  various  inlet  configurations  on  the 
mechanical  and  aerodynamic  performance  of  the  fan  system. 

3.  To  demonstrate  conversion  characteristics. 

4.  To  determine  the  effects  of  wing  area,  high  and  low  wing  position,  in 
let  "butterfly"  doors  (faired  and  unfaired) ,  and  Kruger  flaps  on 

the  aircraft/'fan  system  performance. 

5.  To  test  the  effectiveness  of  using  vectored  and  staggered  exit 
louvers  for  roll,  yaw, and  altitude  control. 

6.  To  evaluate  the  control  effectiveness  of  the  tall  for  both  powered 
and  unpowered  conditions. 
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7.  To  simulate  one  engine  out-operation. 

8.  To  determine  the  mechanical  and  aerodynamic  performance  charac¬ 
teristics  of  a  lift  fan  having  an  X353-5B  model  rotor  (3°  open 
blading) . 

9.  To  evaluate  ground  proximity  effects  on  airplane  and  fan  performance 
(mechanical  and  aerodynamic)  and  on  engine  and  fan  relngestion. 


Operating  limits  for  testing  were  established  as  follows: 


Fan  Vibration 

Fan  Bearing  Temperature 

Fan  Turbine  Inlet  Temperature 

Diverter  Valve  Skin  Temperature 

Torque  Band  Temperature 

Fan  Speed 

J85-5  Speed 

J85-5  Vibration 


Stresses 


2  g' s ;  10  mils 

350°F 

1221°F 

1400°F 

600  F 

1007L  (2640  rpm) 

1047.  physical  speed  (17,160  rpm) 
6  mils  compressor  (peaking) 

5  mils  compressor  (steady) 

5  mils  turbine  (peaking) 

4  mils  turbine  (steady) 

See  Table  IV 


SUMMARY  OF  TEST  RONS 

Tables  V  through  VIII  summarize  the  test  runs  and  ^figurations  that 
were  made  during  this  program.  Table  IX  is  included  to  show  the  total 
accumulated  operating  time  on  both  lift  fans  tested  under  this  contract. 


A  total  of  921  data  points  were  recorded  during  the  Period  I  testing  in¬ 
cluding  power -off  and  checkout  runs.  Another  633  data  points  were  re¬ 
corded  during  Period  II  including  wind  tunnel  and  ground  proximity 

testing.  The  following  test  variables  were  investigated: 
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MECHANICAL  CHECKOUT  TEST  (ON  THE  RAMP  -  SEPTEMBER,  1961) 
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1  through  21  -  circular  vane  vlth  fixed  tide  vanes;  Bun  22  -  circular  vane  only;  Bun*  2J  through  27  -  circular  vane  vith  articulated  Inlet  louvers 
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through  9  and  17  through  22  have  nc  ir.ie~.  doors  instal  :d  end  ve  a  nigh  **.g  configuration. 
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SUMMARY  OF  LIFT  FAN  OPERATING  TIME 
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Rotqr  001 

Not  Including  basic  airplane  data  with  fan  off 


Tunnel  Speed  (Vp) 

Angle  of  Attack  (a) 

Fen  Speed  (Np) 

Exit  Louver  Angle: 

Single  Actuetlon 
Differential  Actuation 

Wing  Flap  Angle  (6f) 

Tall  Position 

Tail  Incidence  Angle  (i£) 

Yaw  Angle  (Y) 

h/dp  (ground  proximity  testing)* 
J8S  Engine  Speed 


0  to  125  knots 
-4°  to  20° 

0  to  2640  rpm  (1007.) 

0°  to  50°  vector 
0°  to  45°  vector  and 
-18°  to  50°  stagger 
0°,  30°  and  60° 
off  and  low 
-4°  to  20° 

-12°  to  12° 

0.98  to  1.82 
0  to  16,500  rpm  (1001) 
0  to  0.6 


TEST  RESULTS 

Test  results  are  tabulated  in  Appendix  A.  Table  A-l  contains  definitions 
and  symbols.  Table  A-2  is  a  compilation  of  Period  I  and  Period  II  wind 
tunnel  test  results.  The  results  of  the  February  1962  ground  proximity 
testing  is  presented  In  Table  A-3. 


The  following  items  from  the  wind  tunnel  tests  (Table  A-2)  are  direct 

readings  (Incorporating  appropriate  calibrations):  fan  speed  (N  ) , 

F 

exit  louver  angle  (g) ,  tail  incidence  angle  (ifc) ,  flap  angle  (6f) »  baro¬ 
metric  pressure,  tunnel  temperature  (T  ),  engine  speed  (N  Q_),  angle  of 
attack  (a),  and  yaw  angle  (Y) .  The  other  items  in  the  tables  have  been 
converted  from  direct  measurement  by  means  of  the  formulae  listed  in 
the  calculation  standards  (reference  16,  Appendix  A).  These  calcu- 


*  Where: 


h  is  the  distance  between  the  lower  wing  surface  and  the 
ground  and  dp  is  the  fan  blade  tip  diameter. 
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lations  were  accomplished  as  follows: 


All  the  force  data  (lift,  drag  and  moments)  were  reduced  on 
the  IBM  7090  computer  operated  by  NASA-Ames.  The  standard 
40'  x  80'  wind-tunnel  calculation  program  was  used  with  the 
following  correction  factors  applied  to  account  for  wind-tunnel 
wall  interference  effects.  These  corrections  are  applicable 
only  to  the  unpowered  data : 


1. 

a  » 

c 

a 

u 

+ 

0.923  CL 

u 

where:  u  denotes  uncorrected 

c  denotes  corrected 

2. 

CD  = 
c 

Su 

+ 

0.0161  CLa 

U 

3. 

Si  " 

c 

Si 

u 

+ 

0.02417  CL 

u 

(tail  on  tests  only) 

Additional  corrections  were  made  to  the  computer -calculated 
data  from  the  Period  II  test  results  (Table  A-2)  to  account 
for  the  difference  in  mounting  system  above  the  wind-tunnel 
support  struts .  The  following  corrections  were  applied 
to  both  powered  and  unpowered  data. 


Si 


IBM 


MIBM 


-  0.01 
+  0.02 


-  Both  the  NASA-Ames  and  the  contractor's  Evendale  IBM  7090 
facility  were  used  for  the  fan  internal  aerodynamic  data  re¬ 
duction. 

-  All  other  fan/aircraft  performance  calculations  were  made 
manually  as  described  in  the  section  on  analysis  of  results, 
where  appropriate. 
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'OREMENT  ACCURACIES 
The  following  are  the  estimated  levels  of  data  accuracy: 

Power  Off: 

Drag  +  20  lbs. 

Lift  +  40  lbs. 

Moment  +200  ft. lbs. 

The  above  values  do  not  apply  at  or  near  stall  conditions 
where  the  flow  conditions  are  unstable. 

Power  On: 

Drag  +  80  lbs. 

Lift  +100  lbs. 

Moment  +500  ft. lbs. 

The  above  values  do  not  apply  at  or  near  stall  conditions 
where  the  flow  conditions  are  unstable  and  at  very  low 
tunnel  velocity  (below  20  knots)  where  some  fan  and  engine 
reingestlon  is  present. 


V.  ANALYSIS  OF  RESULTS 


A.  GENERAL  CONSIDERATIONS 

Gas  Generator a: 

Two  early  model  TJ85-5  engines  (NASA  Inventory)  were  used  through¬ 
out  the  test  program.  These  engines  are  normally  operated  with 
an  afterburner,  and  required  changes  were  performed  by  NASA  to  pre¬ 
pare  them  In  a  dry  configuration.  The  engine  cycle  was  well  matched 
with  scroll  S/N  002  (large  nozzle  area)*  used  In  the  right  wing 
Installation.  The  scroll  S/N  001  (smaller  nozzle  area)*  resulted 
In  too  high  engine  exhaust  temperature  requiring  the  diverter  valve 
for  the  left  wing  installation  to  be  slightly  opened  during  the 
tunnel  tests,  allowing  *s  6%  of  the  gas  to  bleed  Into  the  cruise 
nozzle.  Thrust  from  the  w  67.  bleed  was  negligible  and  is  dis¬ 
regarded  in  all  analyses.  During  the  ground  effect  tests  of  the 
left  fan, the  diverter  valve  was  fully  closed  so  that  the  valve 
losses  would  be  representative  in  the  calculation  of  fan  input 
horsepower.  This  necessitated  holding  the  engine  speed  below  95% 
for  the  ramp  tests  to  prevent  over -temperature. 

B.  BASIC  AIRCRAFT  PERFORMANCE  (POWER- OFF) 

The  basic  aircraft  polars  are  presented  in  detail  in  Figures  21  through 
38, and  a  summary  of  the  most  important  parameters  is  in  Table  X. 

These  polars  (CT ,  C  and  Cu  as  a  function  of  a)  were  repeatable  and 
showed  very  little  deviation  above  40  knots  tunnel  speed.  This  is 
consistent  with  results  obtained  in  the  40'  x  80'  wind  tunnel  with 
previously  tested  models  where  it  was  found  that  Reynolds  number  effect 


a  Reference  17 


-33- 


TABLE  X.  SUMMARY  OF  AIRCRAFT  POWER  OFF  RUNS 
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>otes:  (1)  *uoi  1-24  and  1-25  -  circular  vim  with  articulated  inlet  louvera;  all  other  rue a  -  circular  vane  with  fixed  side  vanes, 

(2)  lua  11-3  -  ald-vlag  configuration  simulating  VZ-I1  airplane. 

(3)  tun  11-22  -  Kruger  flap*  installed. 

(4)  teed  as  highest  value  corresponding  to  largest  angle  of  attack  tested. 

(5)  Average  value  recorded  since  versus  relationship  was  not  llnsar. 


with  a  Reynolds  number  above  three  million  (based  on  mean  aerodynamic 
wing  chord)  was  practically  nonexistent.  For  this  model,  a  tunnel 
speed  of  approximately  25  knots  on  a  standard  day  is  equivalent  to 
three  million  Reynolds  number  (see  Figure  39) . 

Many  aircraft  configurations  were  investigated  during  this  series  of 
wind  tunnel  tests.  For  ease  of  comparison  in  Table  X,  data  are  tabulated 
for  only  the  higher  tunnel  speeds  (60  and  80  knots)  where  Reynolds  number 
effects  are  insignificant. 

Lift: 

A  summary  of  the  changes  in  and  because  of  installing 

the  tail,  and  because  of  flap  and  tall  incidence  angle  changes  is 
presented  in  Table  XI. 


TABLE  XI 

BASIC  AIRCRAFT  -  LIFT  COEFFICIENTS 
FAN  INLETS  COVERED  AND  EXIT  LOUVERS  CLOSED 


Aircraft 

Configuration 

cT 

L  max. 

CL  (a=0°) 

act 

L  max. 

ACL  (a=0°) 

No  Tail, 

6f  * 

0° 

1.01 

0.10 

- 

- 

No  Tail, 

6f = 

30° 

1.27 

0.51 

0.26 

0.41 

Tail  On, 
6f  -  30° 

*t  - 

o 

0 

w 

1.33 

0.41 

0.06 

-0.10 

Tail  On, 

* 

fi¬ 

ll 

5°, 

1.395 

0.50 

0.065 

0.09 

Aircraft  configurations  simulating  various  fan  inlet  and  exit 
conditions  which  may  exist  during  conversion  were  investigated  ; 
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Table  XII  shows  a  sunnary  of  the  results. 


TABLE  XII 

BASIC  AIRCRAFT  LIFT  AND  DRAG  COEFFICIENTS  -  CONVERSION  CONFIGURATIONS 


POWER-OFF,  TAIL-ON,  lt  =  0° 


6f 

CT 

L  max. 

CL(a*0°) 

act 

L  max. 

^(0-0°) 

CD  (a=o°) 

Circular  Vane  + 
Fixed  Side  Vane 
Inlet : 

Inlet  Covered 
Exit  Closed 

30 

1.33 

0.41 

“ 

- 

.085 

Inlet  Open 

Exit  Closed 

30 

1.14 

0.35 

-0.19 

-0.06 

.092 

Inlet  Open 

Exit  Open 
(6  -  35°) 

30 

1.07* 

0.26 

-0.26 

-0.15 

.096 

Inlet  Covered 
Exit  Closed 

60 

1.42 

0.60 

40.09 

-tO.19 

.150 

Inlet  Covered 
Exit  Open 
(3  =  35°) 

60 

1.34 

0.49 

■*0.01 

-*0.08 

.120 

Articulated 

Inlet: 

Inlet  Closed 
Exit  Closed 

30 

1.19 

0.36 

-0.14 

-0.05 

.086 

Inlet  Open 
(0  *  10°) 

Exit  Closed 

30 

1.21* 

0.22 

-0.12 

-0.19 

.  106 

Inlet  Open 
(0  =  10°) 

Exit  Open 

<a  =  35s) 

30 

1.04* 

0.23 

-0.29 

-0.18 

.109 

♦Values  correspond  to  largest  angle  of  attack  tested 


With  the  inlet  and  exit  closed,  the  poorer  aircraft  performance 
for  the  articulated  inlet  system  is  attributed  to  two  factors: 

1.  The  articulated  inlet  louvers  did  not  cover  the  inlet 
completely. 

2.  In  the  closed  position,  the  test  hardware  did  not  pro¬ 
vide  a  smooth  wing  surface  and  was  not  representative 

of  flight  type  hardware  in  this  regard. 

When  the  fan  inlet  and  exit  were  open,  the  aircraft  performance 
characteristics  at  a  -  18°  was  about  the  same  for  both  inlet 
systems.  As  expected,  the  articulated  inlet  produced  higher 
drag  at  lower  angles  of  attack.  See  Figures  28  and  29. 

Period  II  testing  included  investigation  of  the  effects  of  yaw 
angle,  simulated  mid-wing  VZ-11  configuration, and  Kruger  flaps 
on  aircraft  performance.  (See  Figures  32  through  38.)  The 
following  statements  describe  the  results  as  related  to  aircraft 
lift  characteristics: 

1.  Increasing  yaw  angle  decreased  CL  mmv  as  follows: 


Configuration 

At 

AC. 

L  max 

Inlet  Open 

Exit  Closed 

6.3 

-0.02 

Inlet  Covered 

Exit  Closed 

8 

-0.075 

Inlet  Covered 

8 

-0.03 

Exit  Closed 

Mid-Wing  Configuration 
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2.  The  mid-wing  configuration  was  not  as  sensitive  as  the  top- 
wing  configuration  to  change  in  yaw  angle. 

3.  Changing  to  the  mid-wing  configuration  made  no  significant 
change  in  basic  aircraft  lift  characteristics. 

4.  The  addition  of  Kruger  flaps  produced  an  expected  increase 
in  maximum  lift  coefficient.  They  also  caused  a  forward 
shift  in  the  center  of  lift  at  higher  angles  of  attack  as 
indicated  by  the  more  positive  moment  coefficients. 

Drag: 

The  aircraft  mounting  system  above  the  wind  tunnel  support  strut 
used  during  Period  II  testing  was  larger  and  contributed  more 
drag  than  the  mounting  system  used  during  Period  I  testing: 


Basic  Aircraft,  a  =  0°,  6^  ®  0° 
Total  Measured  C^ 

Period  I 

0.05 

Period  II 

0.06 

Estimated  Drag  Contribution 

of  Mounting  System 

0.02 

0.03 

Net  Aircraft  Drag 
a  =  0°,  6f  =  0° 

0.03 

0.03 

Consequently,  Period  II  drag  coefficients  tabulated  in  Appendix  A 
must  be  reduced  by  0.01  to  be  on  a  comparable  basis  with  Period  I 
data.  This  was  done  for  the  preparation  of  Table  X  and  the  air¬ 
craft  polar  curves,  Figures  21  through  38. 

Referring  to  Table  X,  the  following  observations  concerning  air¬ 
craft  drag  characteristics  can  be  made: 
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1.  Addition  of  Che  tall  caused  no  measurable  change  in  C^. 

2.  Changing  flap  angle  produced  large  changes  in  C^: 

from  0°  to  30°  ^C_  =  +  0.04 

I  DO 

from  30°  to  60  6^,  ^Do  “  + 

3.  Opening  the  inlet  and  exit  (8  ■  35°)  changed  C  by  0.01 

I/O 

(circular  vane  plus  fixed  side  vane  inlet  configuration) . 

4.  With  the  articulated  inlet  configuration,  opening  the 
louvers  to  an  indicated  reading  of  10°  increased  by 
0.02.  Opening  the  exit  louvers  to  8  ■  35°  Increased 

by  an  additional  0.003. 

5.  Increasing  yaw  angle  from  0°  to  8°,  Increased  by  0.008. 

6.  Adding  the  fuselage  cap  to  simulate  the  mid-wing  VZ-11, 
increased  by  0.01. 

7.  The  Kruger  flap  installation  increased  by  0.015. 

8.  Opening  exit  louvers  to  8  =  35°  with  6^  =  60°  reduced 

by  0.03.  The  open  exit  louvers  apparently  change  the  flow 
pattern  in  front  of  the  flaps  at  this  very  large  flap 
angle  setting  resulting  in  lower  drag. 


4.  The  short  wing  span  configuration  (Period  I,  Run  17)  had 
a  higher  compared  to  the  full  wing  span  model. 


Pitching  Moments  (Tail  Downwash) : 

At  zero  angle  of  attack,  the  change  in  pitching  moment  between 
tall-on  and  tail-off  test  configurations  is  the  moment  contribution 
from  tail  downwash.  Comparing  Period  I  Runs  8  and  9,  Table  X, 
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ACM  (a  -  0°)  “  °*166' 

The  change  in  moment  coefficient  (AC^)  with  tail  incidence  angle 

at  zero  wing  angle  of  attack  is  shown  in  Figure  40.  The  tail 

incidence  angle  that  will  produce  a  AC  of  0.166  is  6.23°  which 

n 

is  the  downwash  angle ,  «, for  the  uncambered  airfoil  tail  used  in 
this  testing. 

From  Figure  41,  downwash  angle  as  a  function  of  angle  of  attack, 
the  value  of  de/da  was  determined  to  be  0.605. 


Static  Stability: 


Longitudinal  -  For  the  basic  aircraft  with  the  tail  off,  dC^/dC^ 
was  positive  and  approximately  equal  to  0.042  indicating  a  small 
amount  of  static  instability.  With  the  horizontal  tail  Installed, 
there  was  adequate  static  margin,  the  value  of  dC^/dC^  being 
approximately  equal  to  -0.12  at  all  flap  settings. 


Larger  negative  values  of  dC^/dC^  (-0.22  to  -0.26)  resulted  for 
test  configurations  with  both  fan  inlet  and  exit  open  (Period  I 
Runs  20  and  24).  The  open  fan  passage  spoils  the  leading  edge 
lift  of  the  wing  and  the  center  of  lift  moves  aft  of  the  wing 
quarter  chord  as  angle  of  attack  is  increased. 


The  aircraft  model  with  wing  tips  removed  exhibited  static 
longitudinal  instability  for  angles  of  attack  up  to  about  10°. 
At  higher  angles  of  attack,  this  configuration  becomes  very 
stable  accompanied  by  an  excessively  high  drag. 

Directional  -  The  static  directional  stability  derivative  for 
the  aircraft,  dC^/dY,®  was  negative  and  approximately  equal  to 


Absolute  values  of  yaw  angle  and  side  slip  angle  are  equal  in  the  wind 
tunnel . 
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-0.0022  with  the  tail  installed.  Values  of  dC^/dY  are  inclused 
in  Table  X  for  angles  of  attack  of  0°  and  6°  (Period  II,  Runs  1, 

2  and  3) . 

The  unpovered  aircraft  with  no  tail  was  tested  at  0°  side  slip 
angle  only.  Therefore,  the  contribution  of  the  vertical  tall  to 
the  directional  stability  can  not  be  established  directly  from 
the  wind-tunnel  test  results.  The  methods  outlined  in  reference  12, 
pages  322-326,  were  used  to  estimate  (dCjj/dY)  ^  *  -0.00337.  This 
indicates  that  the  aircraft  with  no  vertical  tail  is  unstable  and 
has  a  value  of  .  -0.0022  -  (-0.00337)  -  -*0.0017.  As  a 

further  check  on  the  accuracy  of  this  result,  a  value  of 
dCjj/dY  =  -*0.00127  was  calculated  for  this  aircraft  model  with 
no  tail,  using  the  methods  of  reference  12,  pages  317-322. 

This  information  is  used  in  analyzing  the  directional  stability  of 
the  fan-powered  aircraft  tested  with  the  tail  off  (see  Part  E  of 
this  Section). 

C.  FAN  AERODYNAMIC  PERFORMANCE 

The  fan  internal  performance  is  deduced  primarily  from  a  survey  of  rotor 
discharge  total  pressures  given  by  four  fixed  rakes  of  six  Kiel-head  total 
pressure  elements  located  on  centers  of  equal  area.  These  were  installed 
in  both  fans  for  most  of  the  tests.  When  inlet  modifications  were  tested, 
(Period  Ij  Runs  10  through  27)  the  discharge  total  pressure  was  measured 
by  eight  fixed  rakes  of  six  Kiel-head  total  pressure  elements  located  on 
centers  of  equal  areas.  For  some  of  the  static  testing,  a  survey  of 
rotor  inlet  static  pressures  was  given  by  four  fixed  rakes  of  six  static 
pressure  elements  located  on  centers  of  equal  areas.  (For  location  of 
pressure  elements,  see  Figure  42.) 

It  should  be  noted  that  a  direct  measurement  of  flow  is  not  available 
in  most  of  the  testing.  There  is  no  measurement  plane  in  which  velocities 


i 
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and  densities  are  known  over  the  flow  area  to  afford  a  flow  integration. 
The  test  configurations  for  which  flow  is  best  known  are  the  static  test 
points  where  inlet  static  pressures  are  measured  and  where  the  total 
pressure  locally  can  be  assumed  ambient  because  of  the  minimum  inlet 
hardware . 

It  should  also  be  noteu  chat  no  total  or  static  pressures  downstream  of 
the  stator  are  ever  measured.  Thus,  the  losses  of  the  stator  or  the  exit 
deflecting  vanes  are  not  known,  nor  is  the  static  pressure  field  at  the 
stator  or  exit  vane  discharge  known  from  any  measurement.  Assumptions 
leading  to  a  level  of  total  and  static  pressure  downstream  from  the  exit 
louvers  are  made  and  Justified  later  in  the  analysis. 

A  basic  configuration  consists  of  the  fan  installed  in  the  wing  without 
any  inlet  or  closure  device  ahead  of  the  fan  except  the  circular  bell- 
mouth  vane.  This  configuration  is  referred  to  as  the  "circular  vane 
inlet".  The  bellmouth  vane  is  known  to  be  necessary  for  static  operation 
of  the  fan  to  prevent  separation  because  of  the  small  radius  bellmouth 
(r/dp  »  0.061).  A  model  of  the  internal  performance  of  this  config¬ 
uration  in  cross-flow  will  be  discussed  first;  this  model  of  operation 
in  cross-flow  is  necessary  to  explain  the  unexpectedly  good  performance 
of  this  configuration.  The  comparative  performance  of  two  inlet  flow 
control  devices  will  then  be  presented.  One  device  consists  of  fixed 
side  vanes  arranged  for  minimum  static  loss,  and  located  in  the  inboard 
and  outboard  portions  of  the  fan  annulus  with  the  intent  of  turning  the 
flow  axially  in  these  regions  where  most  of  the  rotor  loading  and  unloading 
occurs  in  cross-flow  (similar  to  the  helicopter  effect  of  cross-flow  on 
the  advancing  and  retreating  blades  of  the  rotor) .  The  second  device  has 
articulated  louvers  hinged  to  fixed,  spanwise  vanes  which  were  scheduled 
as  a  function  of  flight  speed  to  turn  all  the  flow  axially.  With  some 
additional  hardware,  the  movable  louvers  could  also  be  used  to  close  the 
fan  annulus  for  cruise.  These  additional  inlet  configurations  are  referred 
to  as  the  "fixed  inlet"  and  "articulated  inlet",  respectively. 
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A  comparison  of  the  operation  of  the  right  and  left  fan  1b  also 
necessary  because  of  the  difference  In  operation  which  became  apparent 
as  a  result  of  the  tests.  The  comparison  will  be  made  from  tests  for 
which  both  fans  consisted  of  the  X353-5  rotor  with  the  same  inlet  on 
each  fan. 

The  -5  rotor  was  modified  for  Period  II  testing  by  reorienting  the 
rotor  blading  3°  in  the  direction  to  increase  the  power  consumption. 

The  performance  of  this  opened-up  rotor,  designated  X353-5B,  is  compared 
to  the  -5  rotor  statically  in-  and  out-of-ground  effect,  and  in  cross- 
flow. 

A  final  part  of  this  analysis  will  present  the  effects  of  closure  doors 
statically  in-  and  out -of -ground  effect  and  in  cross-flow.  The 
presence  of  the  fuselage  close  to  the  fan  inlet,  as  in  a  mid-wing 
installation,  is  also  discussed. 

Performance  Model  of  Basic  Fan: 

A  model  of  the  internal  operation  of  the  basic  fan  without  any  in¬ 
let  or  closure  is  first  described  qualitatively  and  then  sub¬ 
stantiated  with  the  necessary  qualifications. 

Without  any  inlet,  there  1b  a  strong  cross-flow  component  Imposed 
on  the  fan  in  flight.  This  cross-flow  component  causes  the  ad¬ 
vancing  blades  to  load  up  and  the  retreating  blades  to  unload.  As 
the  cross-flow  velocity  is  increased,  the  retreating  blades 
eventually  stall -out  while  the  advancing  blades  continue  to  pick 
up  load.  The  net  result  of  this  process  is  a  gradual,  moderate 
reduction  in  power  absorbed  at  constant  speed.  As  flight  speed 
is  increased,  there  is  a  portion  of  the  annulus  which  is  stalled 
and  which  handles  no  flow.  This  dead  area  increases  with  flight 
speed.  In  the  balance  of  the  annulus,  the  flow  is  being  pumped 
with  energy  input  continually  higher  than  the  energy  input  at 
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static  conditions,  up  to  and  beyond  the  conversion  flight  speed. 

If  the  power  lost  in  the  dead  region  is  not  great,  and  if  the 
efficiency  in  the  active  region  remains  high,  the  internal 
efficiency  will  be  moderately  good.  Moreover,  this  process  will 
result  in  an  effectively  smaller  fan  absorbing  nearly  the  same 
power  at  higher  pressure  ratio  with  increasing  flight  speed.  As 
a  result  of  this,  there  is  net  thrust  available  to  higher  flight 
speeds  than  would  occur  if  the  same  power  were  absorbed  uniformly 
in  the  entire  annulus  at  a  lower  pressure  ratio.  In  suranary,  the 
fan  acts  to  provide  an  increasing  mass -averaged  pressure  ratio 
with  increasing  flight  speed  and  thus  provides  net  thrust  up  to 
a  higher  flight  speed  than  would  be  predicted.  The  efficiency 
in  the  region  where  the  loading  is  increased  can  be  reasonably 
good.  A  one -dimensional  analysis  would  predict  only  a  small  change 
in  stator  incidence  angles  because  of  the  high  axial  velocity  of 
the  flow.  Thus,  if  the  rotor  can  handle  the  loading,  the  efficiency 
can  be  good.  System  efficiency  deduced  would  indicate  that  the 
system  efficiency  at  120  knots  with  the  Jet  deflected  35°  is 
nearly  as  high  as  static  system  efficiency. 

Figures  43  and  44a  show  rotor  discharge  total  pressures  for  the  left 
and  right  fans,  respectively.  Each  fan  has  the  nominal  rotor  with 
the  circular  vane  inlet.  The  ordinate  is  total  pressure  co¬ 
efficient  roughly  proportional  to  the  difference  between  local 
rotor  discharge  total  and  ambient  static  pressure.  In  both 
figures,  rakes  B  and  F  are  most  nearly  measuring  advancing  and  re¬ 
treating  blade  performance.  The  numbers  on  the  curves  denote 
flight  velocity  ratio  (Vp/V^^).  In  both  figures,  the  advancing 
blades  (rake  B)  pump  an  increasingly  higher  pressure  rise.  The  re¬ 
treating  blades  (rake  F)  unload  up  to  a  flight  velocity  ratio  of 
0.15;  beyond  this,  the  tip  region  stalls  out.  Also  the  leading 
edge  portion  of  the  fan  (rake  H)  stalls  at  flight  velocity  ratios 
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above  0.15.  A  similar  process  occurs  at  p  -  35°  as  shown  in 
Figures  45  and  46  for  the  left  and  right  fan,  respectively. 

The  extrema  distortion  of  the  flow  field  in  flight  is  apparent. 

An  attempt  is  made  to  assign  a  local  flow  to  each  measurement 

point  in  the  fan  annulus.  If  the  local  flow  is  correct,  it  can 

afford  a  basis  for  a  flow  integration.  The  following  assumptions 

lead  to  a  level  of  total  and  static  pressure  at  an  area  downstream 

from  the  exit  louvers.  The  static  pressure  is  assumed  to  be 

tunnel  ambient  over  the  entire  fan  annulus.  The  total  pressure 

is  taken  to  be  the  local  rotor  discharge  total  pressure  reduced 

by  a  loss  determined  at  static  conditions  as  a  function  of  exit 
£ 

louver  angle  .  It  is  Implied  that  this  loss  does  not  change 
greatly  in  cross-flow  which  is  fairly  consistent  with  the  small 
change  in  stator  incidence  angle  with  loading.  If  the  local  flow 
level  calculated  from  this  total  and  static  pressure  is  assumed 
to  exist  from  inlet  to  discharge,  it  becomes  possible  to  mass 
average  the  rotor  inlet  total  pressure,  the  rotor  discharge  total 
pressure,  and  the  calculated  stage  discharge  total  pressure.  From 
these,  a  mass  averaged  inlet  total  pressure  loss  and  mass  averaged 
stage  total  pressure  rise  can  be  obtained.  Also,  it  becomes 
possible  to  integrate  the  thrust  and  discharge  kinetic  energy. 

The  net  thrust  obtained  in  this  manner  can  be  compared  to  the 
thrust  measured  on  the  model  system.  For  this  purpose,  the  drag 
of  the  aircraft  is  deducted  from  the  system  measurement.  The  re¬ 
maining  drag  or  thrust  will  then  consist  of  fan  thrust  and  any 
induced  drag. 

For  the  case  of  expansion  down  to  ambient  static  pressure,  the 
kinetic  energy  at  the  discharge  is  higher  than  the  kinetic  energy 
due  to  the  approach  velocity  by  an  amount  equal  to  the  useful  power 

a  Reference  16 
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output  integrated  from  the  calculated  discharge  velocity  field  and 
is  shown  in  Figure  47,  for  0=0°  and  3  *>  35°.  The  ordinate  re¬ 
presents  useful  delivered  power  at  100%  fan  speed.  It  is  known 
that  the  fan  tends  to  overspeed  at  constant  throttle  setting  as 
the  flight  velocity  is  increased:  the  available  poser  from  the 
gas  generator  increases  slightly  with  Increasing  flight  velocity; 
and  flight  speed  and  exit  throttling  tend  to  unload  the  fan.  The 
apparent  required  power  for  constant  fan  speed  can  be  estimated 
by  scaling  down  the  available  power  by  the  cube  of  the  overspeed. 

This  required  power  for  100%  fan  speed  is  also  shown  in  Figure  47 
for  both  8  n  0°  and  p  a  35°.  The  ratio  of  useful  output  to  re¬ 
quired  input  is  the  system  efficiency.  This  is  also  shown  in 
Figure  47.  The  system  efficiency  at  low  louver  angles  and  low 
flight  speed,  and  the  system  efficiency  at  high  louver  angles  and 
high  flight  speeds  near  transition  (120  knots,  Vp/V^  “  0.28)  are 
approximately  the  same  and  reasonably  high. 

The  increase  in  mass -averaged  pressure  riBe  at  constant  speed  as 
flight  velocity  is  Increased  is  shown  in  Figure  48.  If  the  en¬ 
tire  fan  annulus  were  to  pump  at  this  increased  pressure  rise,  the 
flow  would  also  increase  and  the  power  would  Increase  on  both 
accounts.  The  fraction  of  the  annulus  required  to  satisfy  the 
actual  flow  and  power  gets  smaller  as  flight  velocity  is  Increased. 
This  effective  flow  area  is  also  shown  in  Figure  48. 

In  summary,  the  fan  effective  flow  area  decreases  and  the  fan  pressure 
rise  increases  with  flight  velocity  (Figure  48)  with  fairly  uniform 
fan  efficiency  (Figure  47)  up  to  the  conversion  range. 

Performance  with  Additional  Inlet  Devices : 

The  "fixed  vane"  inlet,  consists  of  fixed  cascades  of  straight 
vanes  running  span-wise  with  the  wing  located  in  the  inboard  and 
outboard  portions  of  the  fan  annulus  within  the  confines  of  the 
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wing  profile.  A  separate  closure  for  the  fan  would  be  required.  The 
"articulated  inlet",  has  roughly  similar  fixed  spanvise  blades  located 
within  the  wing  confines.  A  movable  vane  is  hinged  to  the  leading 
edge  of  each  of  these  fixed  vanes  such  that,  when  closed,  they  close 
the  fan  aperture,  and,  when  open,  they  extend  out  into  the  alratream. 
They  must  be  scheduled  primarily  as  a  function  of  flight  speed. 

Total  pressure  elements  were  located  immediately  behind  the  Inlets, 
positioned  as  indicated  in  Figure  42. 

In  general,  despite  the  great  difference  in  internal  operation  with 
each  of  the  inlets,  the  result  is  only  a  small  difference  in  maximum 
attainable  forward  flight  speed. 

The  field  of  rotor  discharge  pressures  for  the  circular  vane  inlets 
has  already  been  presented  in  Figures  43  to  46.  Similar  data  are 
presented  for  the  fixed  vane  inlet  in  Figures  49  and  50,  and  for  the 
articulated  inlet  in  Figures  51  to  54.  Where  available,  data  for 
both  fans  are  shown.  Exit  louver  angles  of  0°  and  35°  are  chosen  for 
representing  unthrottled  and  throttled  operation,  respectively.  Three 
or  four  levels  of  velocity  ratio  are  chosen  with  0.29  being  near  con¬ 
version.  There  are  four  circumferential  locations  where  total  pressure 
rakes  of  six  elements  are  located:  two  in  the  advancing  arc,  two  in 
the  retreating  arc.  These  are,  also,  either  in  the  active  arc  of  the 
partial  admission  tip  turbine  or  the  inactive  arc  and  are  so  labeled. 

With  the  circular  vane  inlet,  the  loading  on  the  advancing  side  in¬ 
creases  greatly  (Figures  43  and  44a  -  rake  B)  with  increasing  flight 
speed.  Where  the  advancing  side  is  outboard  (right  fan.  Figure  44a  - 
rake  B) ,  the  increase  is  much  greater  than  when  inboard  (left  fan, 
Figure  43  -  rake  B) .  This  comparison  is  shown  in  Figure  44b.  From 
wing  static  pressure  data,  the  chordwise  velocity  distribution  on 
the  upper  surface  of  the  wing  in  the  region  of  the  advancing  blade 
is  higher  (m  15%)  when  the  advancing  blade  is  outboard;  therefore 
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the  fan  appears  to  be  operating  at  a  higher  velocity  ratio  (V„/V  ,  ). 

r  tip 

This  higher  velocity  results  from  the  difference  in  wing  area  (due  to 
wing  leading  edge  sweep)  upstream  of  the  fan  at  the  outboard  panel  as 
compared  to  the  inboard  panel.  Similarly,  the  unloading  of  the  re¬ 
treating  side  is  apparent.  At  low  velocity  ratios,  the  unloading  is 
greater  when  the  retreating  side  is  outboard  (left  fan,  Figure  43  - 
rake  F)  than  when  the  inboard  (right  fan.  Figure  44a  -  rake  F) ,  but 
in  either  case  gets  very  poor  at  even  moderate  velocity  ratios.  This 
is  illustrated  in  Figure  44c.  At  a  given  flight  velocity,  as  the  re¬ 
treating  side  unloads,  the  ratio  of  cross-flow  to  local  through-flow 
velocity  becomes  adversely  high  and  eventually  local  through-flow 
virtually  ceases.  This  is  even  more  pronounced  when  the  retreating 
blades  are  in  the  active  arc  of  the  turbine  (right  fan.  Figure  44a  - 
rakes  F  and  H) . 

The  effect  of  fixed  vanes  in  reducing  the  peak  preesure  rise  and 
loading  is  apparent  (right  fan,  Figures  49a  and  50  -  rake  B) .  The 
comparison  with  circular  vane  inlet  at  3  =  0°  and  35°  is  shown  in 
Figures  49b  and  49c.  This  may  as  likely  be  a  result  of  fixed  vane 
separation  as  flow  straightening,  judging  from  these  data.  No  left- 
wing  fan  data  are  presented  from  this  run  as  it  was  not  instrumented 
at  the  time. 

The  articulated  inlet  data  are  shown  in  Figures  51  to  54.  A  predicted 
schedule  of  louver  angles  versus  flight  velocity  was  tested  and  other 
schedules  selected  ±  5°  from  this  setting.  At  least  two  of  these 
settings  would  produce  nearly  equal  thrust  with  only  small  loss  in 
thrust  for  the  other  setting;  apparently,  a  fairly  loose  schedule  is 
permissable.  Their  effect  on  equalizing  the  loading  is  apparent. 

The  iqethod  of  calculating  local  flow  for  the  circular  vane  inlet  was 
applied  to  the  fixed  vane  and  articulated  inlets.  As  previously  noted, 
by  assuming  this  calculated  local  flow  to  persist  through  the  fan,  it 
becomes  possible  to  form  a  mass-averaged  inlet  total  pressure  loss  and 
stage  total  pressure  rise. 
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The  inlet  total  pressure  loss  expressed  in  coefficient  form  is 
shown  in  Figure  55s.  A  comparison  of  fan-in-fuselage*  and  fan- 
in-wing  inlet  performance  is  shown  in  Figure  55b.  The  fan-in¬ 
wing  circular  vane  inlet  had  a  significant  static  loss  and 
negligible  recovery  in  transition.  As  reported  previously  the 
fan-in-fuaelage  circular  vane  inlet  had  insignificant  static  loss 
and  recovered  essentially  100T  of  the  flight  dynamic  head. 

The  loss  data  for  circular  vane  and  articulated  inlet  relate  to 
one  another  realistically.  Both  have  Increasing  loss  with  flight 
velocity  ratio.  The  articulated  inlet,  with  its  additional  hard¬ 
ware,  is  poorer  at  low  flight  velocities,  but  improves  with  flight 
speed  because  of  its  variable  geometry,  greater  solidity,  and  con¬ 
sequently,  better  ram  recovery.  The  calculated  loss  for  the  fixed 
inlet  looks  low  and  was  expected  to  be  somewhat  worse  than  the 
circular  vane  inlet  at  all  flight  conditions. 

The  stage  total  pressure  rise  coefficient  for  each  of  the  inlets 
is  shown  in  Figure  56.  This  is  the  same  type  of  data  as  presented 
for  the  circular  vane  configuration  in  Figure  48.  The  internal 
operation  of  the  fan  is  seen  to  be  very  different  among  the  three 
inlet  configurations. 

It  was  the  intention  of  this  analysis  to  deduce  the  change  in 
mass -averaged  pressure  rise  at  a  constant  fan  speed  as  a  function 
of  flight  velocity  ratio  for  each  of  the  three  inlets.  The  dis¬ 
charge  velocity  from  this,  with  a  distortion  coefficient  would 
determine  both  flow  and  thrust  for  the  distorted  flow  that  actually 
occurs.  It  was  anticipated  that  the  rise  in  mass -averaged  total 
pressure  rise  would  be  primarily  a  function  of  how  little 


*Reference  17,  Figure  23 
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flow  straightening  would  occur  upstream.  Thus,  a  fan-in-fuselage 
configuration  with  its  uniform  axial  flow  pattern,  should  have  as 
nearly  a  constant  pressure  ratio  as  a  function  of  flight  speed  (for 
a  given  fan  speed)  as  could  be  expected.3  The  circular  vane  inlet 
should  have  a  map  with  pressure  ratio  rising  the  most  (similar  to 
"Performance  Model  of  Basic  Fan"  described  near  the  beginning  of 
this  section).  The  articulated  louver  inlet  might  be  close  to  a 
constant  map  with  the  fixed  inlet  intermediate  between  it  and  the 
circular  vane  inlet  as  illustrated  below. 


The  results  depicted  in  Figure  56  show  the  rise  in  characteristic 
of  the  circular  vane  inlet,  with  cross-flow.  The  right  fan  has  a 
greater  rise  than  the  left.  This  is  probably  because  the  advancing 
arc  of  the  right  fan  is  outboard  and  local  wing  upper  surface 
velocities  are  higher  there  than  inboard;  thus,  the  left  fan 
pressure  rise  is  lower.  The  level  for  a  35°  louver  setting  is 
higher  at  all  flight  speeds. 

The  articulated  louver  inlet  has  what  appears  to  be  a  constant 
pressure  rise  (excepting  one  high  flight  speed  data  point).  Again 
the  right  fan  is  higher.  The  drop  measured  at  low  flight  speed  may 
not  be  real. 


3See  Reference  18,  Figure  33 


The  fixed  vane  results  do  not  look  intermediate  at  all.  At 
3  =  0°,  they  decrease  and  at  3  *  35°,  they  appear  reasonably 
constant. 

For  the  fixed  inlet,  then,  it  would  appear  that  not  much  error 
would  be  incurred  if  a  constant  map  were  used  with  the  pressure 
rise  interpreted  as  a  mass-averaged  pressure  rise.  However ,  the 
effective  area  coefficient  should  be  used  as  shown  in 
Figure  57. 

The  effective  area  coefficients  for  each  of  the  three  inlets  are 
shown  in  Figure  57  as  a  function  of  flight  velocity  ratio.  The 
right  and  left  fan  data  points  are  intermixed  and  the  area  co¬ 
efficients  do  not  appear  to  be  a  function  of  exit  louver  setting. 
The  single  curves  for  each  of  the  three  inlets  are  superimposed 
in  the  upper  right-hand  figure  and  they  relate  to  one  another 
sensibly. 

The  mass-averaged  inlet  total  pressure  loss,  the  mass-averaged 
total  pressure  rise,  and  effective  flow  area  are  consistent  with 
a  calculated  thrust  (drag)  and  lift.  Lift  and  drag  data  are  pre¬ 
sented  in  Figures  58,  59,  and  60.  The  measured  drag  (thrust) 
shown  by  the  lines  in  Figure  60  is  the  total  measured  drag  with 
the  measured  unpowered  aircraft  drag  and  engine  ram  drag  deleted 
(includes  intereaction  drag).  The  data  points  are  calculated  drags 
based  on  the  mass -averaged  data. 

The  agreement  of  the  calculated  thrust  (drag)  at  8=0°  with  the 
measured  thrust  (drag)  is  good.  At  exit  louver  angles  other  than 
zero  (35°  and  40°),  agreement  is  good  except  for  the  articulated 
louver  inlet  system.  This  comparison  of  calculated  versus  measured 
thrust  (drag)  affords  a  check  on  the  Integrated  flow  and  is  in  en¬ 
couraging  agreement. 
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The  corresponding  fan  lift  based  on  these  calculations  is  presented 
in  Figures  58  and  59.  In  Figure  58,  three  sets  of  curves  appear; 
one  set  for  each  inlet.  Where  available,  the  contribution  of  each 
fan  is  shown  separately.  In  Figure  59  each  set  of  curves  compares 
the  inlets  at  the  same  exit  louver  angle.  It  would  appear,  in 
general,  that  the  articulated  louver  system  was  poorest  at  low 
velocity  ratios  and  the  fixed  vane  inlet  best  at  high  velocity 
ratios.  At  low  velocity  ratios,  the  circular  vane  is  probably 
best,  but  the  test  data  do  not  extend  low  enough  in  velocity  ratio 
with  sufficient  accuracy  for  valid  comparison. 

Comparison  of  Fan  Installations  in  the  Right  and  Left  Wings: 

Several  installation  differences  exist  between  the  right  and  left 
fans.  Many  of  these  can  be  seen  in  the  sketch  of  Figure  42.  The 
location  of  the  four  rotor  discharge  rakes  is  of  particular 
importance.  The  angular  locatlions  of  the  rakes  were  22  1/2°  off 
from  the  wing  chordwise  and  spanwise  axes.  Other  aspects  of 
geometric  difference  are  tabulated  as  follows: 


Loading 

Position 

Turbine 

Arc 

Wing 

Thickness 

Spanwise 

Location 

Wing 

L.E . 

Left  Fan 

Rake  B 

Advancing 

Active 

Thick 

Inboard 

- 

D 

Weak 

Advancing 

Active 

Thin 

- 

- 

F 

Retreating 

Inactive 

Thick 

Outboard 

- 

H 

Weak 

Retreating 

Inactive 

Thin 

“ 

Closest 

Rieht  Fan 

Rake  B 

Advancing 

Inactive 

Thick 

Outboard 

- 

D 

Weak 

Advancing 

Inactive 

Thin 

- 

F 

Retreating 

Active 

Thick 

Inboard 

“ 

H 

Weak 

Retreating 

Active 

Thin 

- 

- 

Left  Fan  Right  Fan 

Period  I  (October  1961)  X353-5  Rotor  S/H  001  X353-5  Rotor  S/H  002 
Period  II  (January  1962)  X353-5B  Rotor  S/H  009  X353-5  Rotor  S/H  001 

The  difference  of  most  concern  between  the  left  and  right  In¬ 
stallations  Is  the  lower  stall  envelope  of  the  right  fan.  This  Is  an 
envelope  of  decreasing  angle  of  attack  with  Increasing  flight  velocity 
as  shown  In  Figure  79.  This  envelope  was  relatively  Independent 
of  Inlet  configuration  but  was  Increased  by  wind  modifications 
such  as  the  addition  of  Kruger  flaps  on  the  leading  edge  of  the 
wing  and  the  removal  of  the  wing  tip  section.  Both  wing 
modifications  are  auch  as  to  reduce  the  local  wing  lift  coefficient 
and  hence  average  cross-flow  velocity  In  the  outboard  region, 
especially  at  angle  of  attack. 

In  an  earlier  section  It  was  noted  that  the  advancing  blades  of  the 
right  fan,  which  were  outboard,  picked  up  loading  more  rapidly  with 
flight  speed  than  the  advancing  blades  of  the  left  fan,  which  were 
inboard  (see  rake  B  of  Figures  43  and  44).  Similarly,  the  retreating 
blades  of  the  left  fan,  which  were  outboard,  unloaded  faster  than 
the  retreating  blades  of  the  right  fan,  which  were  inboard.  This 
differential  rate  would  occur  If  the  average  cross-flow  velocity 
in  the  outboard  region  were  approximately  15X  higher  than  the  in¬ 
board  region.  This  would  cause  the  rotor  blading  of  the  right  fan 
to  load  up  and  stall  earlier  than  the  left  fan.  Also,  the  stall 
might  be  more  severe  because  the  advancing  blades  of  the  right  fan 
were  operating  in  the  Inactive  arc.  If  the  advancing  blades  operated 
in  the  active  arc  with  turbine  air  leakage  present,  the  performance 
should  deteriorate  more  gradually  and  the  stall  might  not  occur  so 
suddenly.  Figures  56  and  58  show  the  generally  more  rapid  increase 
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in  pressure  rise  and  lift  of  the  right  fan  as  compared  to  the  left 
fan  as  flight  speed  is  increased. 

X353-5  Rotor  Versus  X353-5B  Rotor: 

Static  Performance  Out  of  Ground  Effect  -  The  X353-5  rotor  was 

g 

found  to  absorb  5  to  67,  less  than  design  power  at  design  speed. 

Low  speed  scale -model  tests  in  a  wing  configuration  had  been  run 
with  simulated  X353-5  rotor  blading  and  with  blading  twisted  open 
just  at  the  tip  to  increase  the  tip  loading.  Both  of  these  rotor 
blades  were  run  at  blade  orientations  for  increasing  the  power  con¬ 
sumption  to  determine  the  effect  on  fan  efficiency.  The  better 
characteristics  were  obtained  with  the  -5  rotor  blade  reoriented  3° 
open  (X353-5B).  These  scale  model  tests  showed  that  the  power  con¬ 
sumption  Increased  10  to  11%  with  no  change  in  static  unthrottled 
efficiency,  although  there  was  more  rapid  unloading  under  throttled 
and  cross-flow  conditions.  These  characteristics  were  generally 
verified  in  the  full  scale  tests  as  discussed  in  Part  D  of  this 
Section  of  the  report. 

The  rotor  discharge  total  pressure  rise  coefficients  for  the  two 
rotor  configurations  (full  scale)  are  compared  in  Figure  61  showing 
a  substantial  (<w  67.)  increase  in  pressure  coefficient  for  the  -5B 
rotor.  The  -5  rotor  was  tested  at  a  ground  height  of  h/d^,  =>2.3 
as  set  by  the  lift  fan  facility  arrangement  in  Evendale.  The  X353-5B 
rotor  was  tested  at  a  ground  height  of  1.82  which  was  the  highest 
ground  height  obtainable  for  the  Ames  outdoor  ramp  test. 

Static  Performance  in  Ground  Effect  -  The  X353-5B  rotor  was  also 
tested  at  a  ground  height  of  h/d^,  =  0.98.  The  problems  anticipated 
for  this  test  configuration  were: 


a  Reference  15 
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1.  Hub  stall  due  to  heavy  throttling  of  the  hub  region  in 
proximity  to  the  ground. 

2.  Reduction  in  power  consumption  and  efficiency  under 
throttling  imposed  by  the  ground  plane. 

The  rotor  discharge  total  pressure  profile  and  radial  variation  of 
inflow  velocity  (local  flow  coefficient)  are  shown  in  Figure  62. 

The  hub  does  not  stall  at  h/d^,  =  0.98.  In  going  from  an  h/d^  of  1.82 
to  h/dy  of  0.98,  the  flow  is  reduced  9%  at  constant  speed. 

A  momentum  and  static  pressure  integral  can  be  made  to  deduce  the  fan 
internal  thrust  if  the  static  pressure  distribution  across  the  dis¬ 
charge  annulus  is  known.  During  these  tests,  static  pressure  was 
measured  underneath  the  fan  in  the  dead  region  beneath  the  hub.  The 
only  information  available  from  which  a  reasonable  estimate  could  be 
made  of  the  static  pressure  distribution  across  the  annulus  was  data 
from  a  scale-model  of  the  fan  tested  in  ground  effect.  Using  this 
with  the  measured  hub  static  pressure,  the  evaluation  showed  a  10% 
reduction  in  fan  lift  at  h/d^  =  0.98.  The  corresponding  reduction 
in  measured  power  consumed,  at  constant  fan  speed,  was  2.1%  which, 

together  with  the  lower  lift,  implies  a  reduction  in  system  efficiency 
3/2 

(F  /HP)  of  13%.  This  is  a  much  larger  reduction  in  efficiency 
than  occurs  with  normal  throttling  via  exit  louvers  and  can  be 
attributed  to  the  concentration  of  throttling  at  the  hub  evidenced  by 
the  very  large  drop-off  in  flow  in  that  region  (see  Figure  62).  On 
the  average,  the  hub  flow  is  reduced  16%  versus  4  1/2%  at  the  tip. 

There  is  a  plug  thrust  from  the  static  pressure  under  the  hub 
equivalent  to  about  2  1/2%  of  the  out-of-ground  effect  thrust.  Thus, 
the  net  thrust  loss  at  constant  speed  is  about  7  1/2%  for  the  X353-5B 
rotor  at  h/dj,  =0.98  based  on  fan  internal  performance  measurements. 

Performance  in  Cross-Flow  -  The  internal  performance  of  the  -5B  rotor 
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was  compared  to  the  -5  rotor  on  the  basis  of  the  rotor  discharge 
pressure  rise  coefficients.  The  performance  of  the  -5  rotor  with 
the  fixed  vane  inlet  in  the  right  wing  installation  was  shown 
previously  as  a  function  of  flight  speed  in  Figures  49a  and  50  for 
0  =  0°  and  p  =  35°.  Similar  curves  for  the  X353-5B  rotor  with  a 
fixed  vane  inlet  but  in  the  left  wing  installation  are  shown  in 
Figures  63  and  64  for  P  =  0°  and  p  =  35°  (30°  flap  angle)  .  Com¬ 
parison  of  the  two  installations  shows  the  -5B  to  exhibit  a  more 
rapid  unloading  of  the  retreating  side  (rakes  F  and  H)  and  a  less 
pronounced  increase  in  loading  on  the  advancing  side  (rakes  B  and  D)  . 
Also  the  tip  performance  on  the  advancing  side  is  poorer.  These 
differences  are  certainly,  in  part,  because  of  the  higher  outboard 
wing  upper  surface  velocities  on  the  right  fan;8  the  poorer  tip  per¬ 
formance  of  the  left  fan  (opened-up  rotor)  results  from  the  advancing 
blades  being  in  the  active  arc.  They  must  also  be  partly  the  result 
of  the  inherently  higher  -5B  rotor  loading  which  would  break  down 
more  rapidly  under  adverse  conditions. 

The  effect  of  30°  flap  angle  is  shown  in  Figures  65a  and  65b.  Some 

small  circumferential  redistribution  of  loading  can  be  seen  with  the 

advancing  blades  loading  up  and  the  retreating  blades  unloading.  The 

effect  of  angle  of  attack  is  illustrated  in  Figure  65a  for 

V../V  .  =0.22.  At  V  /V  .  =0.22  with  +16°  a  and  at  V^/V  ,  =  0.31 

P  tip  P  tip  P  tip 

with  +10  a,  there  was  still  throttling  margin  since  loading  increased 
with  the  addition  of  35°  of  exit  throttling.  Consequently,  back- 
pressuring  resulting  from  underwing  pressure  at  these  angles  of  attack 
and  velocity  ratios  is  not  severe.  At  Vp/Vt  =  0.38,  the  highly 
loaded  side  collapsed  in  stall  (Figure  65b  -  rake  B) . 

The  effects  of  yaw  angle  are  shown  for  ¥  =  +  12°  at  Vp/V^  =0.22 
(Figure  66).  The  effect  of  the  combination  shown  is  fairly  small. 
There  is  some  indication  of  circumferential  redistribution  of  loading 
consistent  with  the  changes  in  on-coming  wind  direction. 


a 


This  was  discussed  earlier  in  this  section  on  pages  47  and  48. 
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In  summary,  the  major  variable  on  fan  performance  is  flight  speed 
with  which  the  openad-up-rotor  unloads  slightly  more  rapidly  than 
the  -5  rotor.  Of  the  variables  of  angle  of  attack,  flap  angle  and 
yaw  angle,  only  extreme  angles  of  attack  (above  14°)  have  any 
serious  affect  causing  rotor  unloading. 

Performance  with  Inlet  Doors  and  Mid-Wing  Simulation: 

Static  Performance  Out  of  Ground  Effect  -  Two  closure  door  con¬ 
figurations  were  tested.  Both  of  these  doors  were  basically 
"butterfly"  doore  hinged  along  the  fore  and  aft  centerline.  The 
hinge  line  was  along  the  top  of  the  major  strut  and  the  leading 
edge  of  the  major  strut  was  raised  so  that  the  axial  location  of 
the  hinge  line  was  well  above  the  wing  surface.  Thus,  when  the 
doors  were  open,  the  trailing  edges  of  the  doors  were  well  above  the 
bellmouth  and  in  a  lower  velocity  region.  Two  types  of  doors  were 
tested:  1)  unfalred  doors  and  2)  faired  doors.  The  upper  surface 
of  the  unfaired  doors  in  the  closed  position  corresponded  to  the 
upper  surface  of  the  wing  contour  everywhere  except  where  the 
bulletnose  protrudes  through  the  wing  surface.  The  unfalred  doors 
were  cut  out  to  butt  up  against  the  bulletnose.  The  outer  half  of 
the  faired  doors  in  the  closed  position  was  identical  to  the  un¬ 
faired  doors.  The  fairing  refers  to  a  change  in  door  contour  which 
was  in  the  direction  to  fair  out  most  of  the  protruding  bulletnose 
for  improved  wing  performance  in  cruise.  The  fairing  starts  around 
a  line  which  is  roughly  the  mid-annulus  of  the  fan  and  Intersects 
the  bulletnose  near  its  top.  Except  for  the  effect  of  the  wing 
spanwlse  contour,  the  fairing  is  roughly  axlsymmetrlcal . 

In  the  open  position,  the  unfaired  doors  showed  no  separation  under 
static  conditions.  The  faired  doors,  because  of  the  reversed 
curvature,  showed  some  separation  near  the  hub.  Static  tests  were 


-57- 


run  on  both  configurations  in  the  wind  tunnel  throat  with  the 
overhead  tunnel  doors  open.  Rotor  discharge  pressures  are  shown 
in  Figure  67.  There  Is  a  slight  distortion  near  the  hub  because 
of  the  door  fairing  but  no  change  in  average  pressure. 

Static  Performance  in  Ground  Effect  -  Both  closure  doors  were 
tested  during  the  static  ramp  tests.  The  faired  doors  were  tested 
at  h/dy  -  1  .82  and  0.98.  The  unfaired  doors  were  tested  at  h/d^ 
■0.98  only.  The  internal  performance  with  the  faired  doors  in 
ground  effect  is  shown  in  Figure  67  in  terms  cf  flow  and  rotor  dis¬ 
charge  pressure  rise  coefficients;  the  effect  is  similar  to  that 
shown  for  the  fan  without  doors  in  ground  effect  in  Figure  62.  A 
comparison  of  the  faired  and  unfaired  doors  at  h/d^  >0.98  is 
shown  in  Figure  68.  To  satisfy  continuity,  the  following  relation¬ 
ship  must  hold:  At  a  (AY)1/3.  Since  this  was  not  the  case,  as 
shown  in  Figure  68,  there  is  an  indication  that  one  or  both  of 
these  measurements  are  in  error.  Using  the  relationship  F  at1/3  #, 
the  thrust  difference  between  faired  and  unf aired  doors  is  2.2%  at 
constant  fan  speed.  (Using  the  same  relationship,  the  thrust 
difference  between  no  doors  and  faired  doors  is  m  1.6%. )  There  is 
an  indication  that  the  pressure  instrumentation  did  not  measure  all 
of  the  loss  because  high  loss  areas  are  concentrated  around 
the  fore  and  aft  struts.  For  comparison  the  measured  thrust  penalty 
between  no  door  and  faired  door  installation  at  0.98  h/d^,  and  con¬ 
stant  fan  speed  was  9.27.  (see  Table  XIV,  part  D  of  this  Section). 

In  general,  internal  measurements  are  not  satisfactory  for  identify¬ 
ing  fan  performance  changes  which  affect  the  fan  primarily  in 
isolated,  local  areas. 

The  ground  effect  on  the  entire  aircraft  system  was  positive  at 
h/dp  >0.98;  i.e.,  there  was  more  thrust  at  constant  fan  speed  or 
at  constant  fan  power  at  h/d^  ■  0.98  than  at  h/d^  =>  1.82.  Wind 
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conditions  apparently  had  a  considerable  effect  on  system  measure¬ 
ments,  and  consequently,  only  test  points  at  similar  wind  conditions 
are  comparable.  A  discussion  of  system  measurements  is  presented 
in  part  D  of  this  Section  of  the  report. 

Performance  in  Cross-Flow  -  Wind  tunnel  tests  were  made  of  the  wing 
configuration  with  the  faired  closure  doors.  In  addition,  a  series 
of  tests  was  made  with  a  simulation  of  a  mid-wing  installation  by 
adding  a  superstructure  to  the  topside  of  the  fuselage.  Its  lateral 
cross-section  at  the  fan  centerline  was  roughly  box-shaped  such 
that  the  vertical  sides  were  close  to  the  fan  inlet  bellmouth  at  the 
wing  surface.  This  body  was  added  to  the  basic  top-wing  model  and 
faired  fore  and  aft.  Most  of  the  data  discussed  here  compare  the 
mid-wing  configuration  with  faired  closure  doors  installed  to  the 
top-wing  configuration  without  closure  doors  installed.  Some  data 
for  the  top-wing  configuration  with  closure  doors  are  also  given. 

The  flow  over  the  closure  doors  was  apparent  from  tufts  applied  to 
the  door  surfaces.  The  left  fan  doors  could  only  be  viewed  when  the 
mid-wing  fuselage  body  was  not  on  the  model.  A  view  from  the  right 
side  of  the  aircraft  model  would  show  the  outboard  side  of  the  out¬ 
board  "butterfly"  door  of  the  right  fan,  and  the  inboard  side  of  the 
inboard  "butterfly"  door  of  the  left  fan.  A  sketch  of  some  of  the 
tuft  patterns  is  shown  in  Figure  69.  Small  regions  of  separated 
flow  at  static  conditions  are  shown  and  these  occurred  within  the 
light  semi-circular  line  which  circumscribes  the  bulletnose  fairing. 
In  normal  level  flight,  the  aft  region  cleared  up  and  looked 
like  the  lower  right  figure  shown  for  80  knots.  At  high  angle 
of  attack,  as  shown  in  the  upper  right  figure  for  16°,  the 
inboard  side  of  the  left  fan  was  badly  separated  at  the  leading 
edge.  The  effect  was  similar  and  more  severe  than  that  shown  for 
the  right  fan  in  positive  yaw.  This  implies  a  strong  spanwise 
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flow  component  in  the  Inboard  direction  at  high  angle  of  attack. 

The  comparison  of  the  effect  of  the  mid-wing  installation  with 
closure  doors,  to  the  top  wing  installation  without  closure  doors 
is  made  on  the  basis  of  the  measured  rotor  discharge  total  pressure 
field.  Comparison  is  first  made  at  zero  angle  of  attack  and  zero  yaw. 
Then  a  comparison  is  made  at  an  angle  of  attack  and  in  yaw.  All 
of  the  data  are  from  the  left  wing  fan  installation  (X353-5B  rotor 
and  fixed  vane  inlet) . 

The  combined  effect  of  the  mid-wing  Installation  and  doors  is  to 
Increase  the  loading  of  rakes  C  and  F  in  the  back  half  of  the  fan. 

This  effect  noted  at  a  flight  velocity  ratio  Vp/Vtip  “  0.22  is 
more  pronounced  at  Vp/V^  »  0.31.  At  this  latter  condition, 
rake  B  indicates  poorer  performance,  especially  in  the  tip  region. 

This  is  shown  in  Figure  70. 

Comparing  the  curve  for  the  top-wing,  no-doors  configuration  in 
Figure  70  with  the  same  configuration  in  Figure  71  shows  the 
loading  effect  of  an  angle  of  attack  change  of  10°.  This  is 
similar  to  the  loading  effect  from  increasing  velocity  ratio. 

Figure  71  indicates  that  the  addition  of  doors  alone  is  the  big 
factor  in  increasing  fan  loading  and  that  the  mid-wing  configuration 
of  itself  probably  has  little  influence. 

The  effect  of  the  mid-wing  installation  with  the  doors  in  yaw  is 
shown  in  Figure  72.  The  positive  yaw  (clockwise)  of  these  com¬ 
parisons  is  in  the  direction  to  cause  the  flow  to  approach  from 
the  left  and  thus  be  similar  to  angle  of  attack  variations,  which 
seem  to  cause  a  strong  spanwise  inboard  flow  component  (left  fan). 
Indeed  the  effects  are  in  the  same  direction  and  more  pronounced. 

The  pronounced  effect  of  the  modifications  of  either  the  doors 
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alone  or  the  combination  of  Tnid-wing  simulation  and  doors  is  the 
increase  in  loading  of  rakes  D  and  F  in  the  aft  portion  of  the  fan. 
The  change  in  peak  total  pressure  attained  by  rake  D  is  roughly 
that  which  would  be  attained  with  full  ram  recovery  and  normal 
work  input.  The  aft  portion  of  the  fan  annulus  could  be  expected 
to  have  local  full  ram  recovery.  Normal  work  input  would  imply 
no  circumferential  velocity  component  in  this  region. 

It  is  possible  that  the  doors  and  fuselage  prevent  a  strong  in¬ 
board  velocity  component  in  the  vicinity  of  rake  D;  this  would 
imply  a  strong  inboard  velocity  in  this  region  with  the  top-wing 
installation  without  doors  which  would  cause  the  region  of  the 
fan  near  rakes  D  and  F  to  unload. 

Performance  "Tuning"  with  the  Circular  Vane: 

An  investigation  was  made  during  the  outdoor  testing  to  show  the 
effect  of  Increased  inlet  vane  loading.  Because  of  fabrication, 
welding  and  rewelding,  and  installation  changes  to  accommodate 
the  various  test  configurations,  the  vane  shape  became  distorted 
in  a  direction  to  unload  it  in  the  middle  of  both  the  active  and  in¬ 
active  arcs  of  the  fan.  The  vane  was  raised  at  both  locations  to 
increase  its  loading.  Geometric  angles  before  and  after  this  change, 
which  reflect  this  loading,  are  shown  in  Figure  73.  The  effects  of 
improved  tip  performance  appear  on  rakes  B  and  F  in  Figure  74.  The 
3.3%  increase  in  average  pressure  coefficient  was  reflected  in  a 
measured  2  to  3%  increase  in  thrust  with  practically  no  change  in 
power  requirements,  indicating  a  fan  efficiency  improvement.  The 

vane  was  raised  only  for  one  test  run  at  1.82  h/d  and  was  in  its 

r 

normal  position  for  all  other  runs. 

Miscellaneous : 

In  order  to  identify  effects  related  to  use  of  test  equipment  (see 
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Figure  5)  instead  of  flight  type  hardware,  wax  was  applied  to  the 
side  vane  to  circular  vane  attachment  joints  to  provide  a  smoother 
aerodynamic  flow  path.  This  investigation  was  accomplished  on 
the  right  fan  in  the  wind  tunnel  for  a  hover  condition  with  the 
tunnel  throat  opened  to  atmosphere.  Fan  efficiency  was  markedly 
Increased  (2  to  37.  lift  increase)  indicating  the  significance  of 
the  Junction  points  to  good  performance. 

D.  FAN  THERMODYNAMIC  PERFORMANCE 

The  preceding  part  of  this  Section  evaluated  the  fan  performance  based 
on  internal  measurements.  A  corresponding  evaluation  can  be  made 
based  on  system  performance  measurements;  primarily,  system  input 
horsepower  and  fan  thrust.  For  convenience,  the  fan  speed-thrust 
relationship  is  also  used  as  a  means  of  comparing  performance,  loading 
and  basic  differences  in  fan  operation. 

As  noted  in  Section  II,  part  of  the  testing  involved  simultaneous 
testing  of  fans  with  different  rotors.  Their  primary  design  difference 
was  to  obtain  an  increase  in  power  absorption  with  essentially 
equivalent  efficiency  so  that  for  a  given  power  input  each  fan  type 
would  produce  the  same  thrust  with  the  -5B  operating  at  approximately 
3%  lower  speed  (favorable  from  mechanical  performance  aspect) . 

Table  XIII  shows  the  basic  X353-5  and  -5B  measured  characteristics: 

TABLE  XIII 


X353-5  AND  X353-5B  STATIC  PERFORMANCE  DIFFERENCES 


Thrust 
Design  HPa 
(lbs.) 

at 

100%  N_ 
(lbs .) 

Speed  at 
Design  HP 
(7.) 

Efficiency 

Parameter 

HP 

X353-5b: 


Maximum  Power 

7020 

7050 

99.8 

138.5 

Minimum  Power 

7155 

7050 

100.8 

141.6 

X353-5B 

7130 

7620 

96.8 

141.0 

a4270  Horsepower; 

^Reference  19, 

page  29. 
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The  actual  performance  data  Indicate  an  Increase  of  9  to  12  1/27.  In 
power  absorption  with  the  -5B  rotor  which  was  accompanied  by  an  in¬ 
crease  of  0  to  2%  In  fan  efficiency  depending  upon  the  level  of  power 
which  Is  actually  associated  with  X353-5  performance  (this  power  dis¬ 
crepancy  is  discussed  in  detail  in  reference  19) .  There  were  other 
slight  differences  in  configuration  between  these  two  fans  in  Table  XIII 
The  -5  fan  was  Installed  in  a  test  wing  at  Evendale  (NACA  65-210  series 
with  no  taper)  and  located  at  an  h/d^  -2.3;  the  -5B  data  were  obtained 
with  the  fan  installed  in  the  left  wing  (NACA  65-210  series,  0.5  taper 
ratio)  of  the  wind  tunnel  airplane  model  and  located  at  an  h/d^  -  1.8^; 
the  -5  fan  had  only  a  circular  vane  Installed  in  the  inlet,  while  the 
-5B  had  the  circular  vane  and  the  radial  stub  vanes  (see  Section  II) . 

The  stub  vanes  were  welded  in  place  and  this  provided  smooth  Junctional 
at  the  circular  vane.  Because  of  these  variations  in  configuration  the 
static  performance  differences  in  Table  XIII  must  be  considered 
approximate. 

Comparison  of  Static  Teat  Results: 

Tables  XIV  and  XV  gives  a  comparison  of  static  test  results  to 
identify  the  magnitude  of  performance  effects  resulting  from  the 
many  configuration  and  test  variables.  The  following  conclusions 
can  be  inferred  from  the  tables  (it  should  be  noted  that  the 
measurements  of  wind  velocity  at  the  ramp  were  not  precise0  and 
that  only  one  fan  was  operated  for  the  comparative  tests) : 

1.  The  X353-5B  fan  will  operate  at  m  3-47.  lower  speed  than  the 
-5  for  a  given  power  level  and  has  the  same  efficiency. 

2.  The  maximum  test  height  on  the  ramp  (h/d^,  -  1.82)  is  con- 


a  The  X353-5B  will  be  tested  at  h/d^,  =  2.3  at  Evendale  under  contract 
DA  44-177-TC-715  and  will  provider another  comparison.  The  inlet  for 
this  proposed  testing  will  be  the  circular  vane  with  fixed  side  vanes. 

k  Phoned  from  Moffett  Field  tower. 
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TABLE  XIV 


x 

o  M 

a  «  & 
«  u  S 


in  n£> 

OWN 

o 

00 

in  so  cm 

m 

•  ■ 

•  •  • 

• 

00  e-l 

i-4  m  oo 

f4 

N 

in  m 

o 

cn  -»0- 

^  n  n 

<* 

CM 

m  m  m 

m 

r4  i-4 

p4  i—4  r4 

r4 

H 

H  H  H 

H 

•  c 

B 


oo 

oo 

ON 

ON 

ON 

ON 

cn 

NO 

in 

€*) 

ON 

On 

o 

vO 

NO 

NO 

NO 

r-* 

r». 

ON 

ON 

oo 

ON 

o 

ON 

ON 

ON 

ON 

ON 

ON 

ON 

o* 

ON 

3 


Soo  m 
m  vo 


r-»  N  N 

n  O'  o 

.-4  o  *-4 


f—t 

• 3 


M 

S 

41  O 

s°..  * 

>  ^-s  • 

M  H  3 

JS-S2 

o  c  •• 
o  «o 
M  :>  <n| 
•H  W  • 
o  cm! 


•  *j  -Jr 

W  VN 
tf>  ~4  XI] 

S5 


m  oo  m 

H  0O  O 
o  o>  o 


T3  *0 
COO 
c 

>  • 

4J  4J  M 

O  O  U  O 

•oSSJSS 

M  C 

O  CO  CO  H  D 

<8  +  +  •«  .2 

•  CO 
u  «  «  «  h  m 
II  M  M  <H 

<-•  o  o  *  •«  -i 

Sg g*2 2  ■ 

+  -H 

O  O  O  W  I 

ss  ss  S5  &*  d 


•t  in  (M 
0O  to  Ol 


o  a  + 

«S  a  • 

m  m 
CO  rH  O 

+  +  s 

co  to  "O 
M  M  «) 
O  O  U 

&&? 

44 


•  XI  o 


4270  Horsepower 
Reference  19,  page  29 
VZ-11  Equivalent 


TABLE  XV 

MEASURED  AND  CALCULATED  GROUND  EFFECT  PERFORMANCE 
(FULL-SCALE  AND  SCALE -MODEL  DATA) 


Configuration 


X353-5B  with 
Circular  Vana 


h/dF  =  0.98: 

No  Inlet  Doors 
Faired  Doors 


Constant  Power 

Constant 

Speed 

AF 

AF 

AF 

AF 

i 

Measured 

| 

Calculated 

Measured 

Calculated 

Full  Scale 

Full  Scale 

Full  Scale 

Full 

I 

Scal<e 

Scale  Model 

Scale  Model 

Scale  Model 

Scale 

Model 

(X)  (X) 

<X>  (X) 

(X)  (X) 

(X) 

(X) 

Reference  Con 

figuration 

+9.9 

-6.4  0 

+9.2  -11.0 

-7.7 

-4.0 

+4.7 

•  • 

0 

-9.3 

• 

*  Calculated  valves  refers  to  values  determined  from  fan  internal 
pressure  measurements  similar  to  the  method  used  in  Part  C  of  this 
Section  (see  page  55)  . 


sidered  out  of  ground  effect  based  on  the  -5B  thrust  at 
constant  power  falling  within  the  accuracy  of  -5  data  at 
h/dp  =  2.30  for  similar  configurations. 

3.  The  unfaired  doors  have  no  effect  on  fan  performance  out 
of  ground  effect  (from  hover  wind  tunnel  tests)  or  in 
ground  effect;  the  slight  increase  in  fan  efficiency  at  0.98 
h/dj,  is  considered  negligible  relative  to  test  accuracy. 

4.  The  faired  doors  have  no  effect  on  fan  performance  out  of 
ground  effect  but  cause  approximately  57.  lift  loss  in 
ground  effect  at  a  given  power  level  with  over  9%  lift 
loss  at  a  given  speed.  The  door  effect  comes  from  both 
unloading  and  a  decrease  in  fan  efficiency.  The  unloading 
(m  27.  in  fan  speed)  accounts  for  w  47.  of  the  constant  speed 
lift  loss.  The  5.27.  lift  loss  at  constant  power  (Table  XV) 
measures  the  decrease  in  fan  efficiency. 

5.  Increased  loading  on  the  fan  inlet  circular  vane  increased 
fan  efficiency  by  2  to  37,. 

6.  Wind  had  an  erratic  effect  on  fan  performance:  out  of 
ground  effect  an  8  knot  wind  resulted  in  an  apparent  47. 
decrease  in  fan  efficiency;  in  ground  effect  a  change  from  an  8 
to  a  15 -knot  wind  did  not  affect  fan  efficiency  but  unloaded 
the  fan  («w  27.  in  speed).  There  are  insufficient  wind  data, 
accuracy  and  control  of  test  conditions  to  understand  fully 
wind  effects;  however,  both  on  the  ramp  and  during  Evendale 
testing,  light  crosswinds  have  adversely  affected  fan  hover 
performance. 

7.  Ground  effects  were  significant  and  were  dependent  on  the 
test  arrangement.  The  change  relative  to  h/<L,  =  1.82  in- 
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dicates  a  large  positive  ground  effect  at  h/dy  >0.98  but 
a  large  negative  ground  effect  at  h/dy  >  1.30.  Figure  18 
graphically  illustrates  the  basic  configuration  difference: 
at  h/dy  -  0  .98,  the  fuselage  and  ground  plane  simulate  two- 
fan  operation  by  presenting  an  effective  image  plane  to  the 
discharge  flow;  at  h/dy  -  1.30,  there  is  e  gap  between  the 
fuselage  wind  ground  plane  allowing  fan  discharge  air  to 
flow  out  under  the  fuselage. 

8.  Internal  measurements  (Table  XV)  indicate  that  the  fan  per¬ 
formance  is  reduced  in  proximity  to  the  ground.  The 
positive  system  ground  effect  because  of  the  aircraft  con¬ 
figuration  must  account  for  the  difference  and  is,  there¬ 
fore,  a  very  large  effect,  say  15  to  17Z  in  lift. 

9.  The  fan  did  not  unload  appreciably  in  ground  effect  (less  than 
17.  in  speed  change  for  comparable  conditions)  .  This  was  a  very 
different  result  than  was  obtained  in  scale  model  work  which 
indicated  a  power  reduction  of  10  to  111  to  maintain  a  constant 
speed.  This  is  equivalent  to  n?  3.5Z  increase  in  speed  for  the 
same  power  input. 

Static  Performance  Measured  in  ths  Wind  Tunnel : 

Static  performance  is  considered  approximate  whenever  measured  in¬ 
side  the  wind  tunnel  but  is  obtained  for  comparative  purposes. 

In  general,  with  the  fan-in-wing  configuration,  static  results 
measured  in  the  tunnel  with  the  throat  opened  to  the  atmosphere 
indicated  fan  lift  to  be  200  to  300  pounds  lower  than  measured 
outdoors  during  ramp  testing  or  at  Evendale. 

A  primary  difference  between  static  tests  in  the  wind  tunnel  and 
elsewhere  was  the  fixed  side  vane  installation;  these  were  not 
Involved  during  Evendale  tests,  and  on  the  ramp  radial  stub  vanes 
discussed  above  were  substituted.  A  simple  test  was  made  on  one 


-67- 


of  the  fans  to  determine  the  penalty  of  the  crude  vane  attachments 
(refer  to  Figure  5)  at  the  circular  vane:  a  run  was  made  with  wax 
filler  applied  to  the  junctions  to  smooth  out  the  aerodynamic  flow 
path.  This  resulted  in  a  270  pound  increase  in  the  static  lift  per¬ 
formance  and  would  fully  account  for  the  difference  noted  between 
tunnel  and  other  static  test  results.  This  "calculated"  close  agree¬ 
ment  between  the  various  static  data  was  also  obtained  for  the  fan-in- 
fuselage  program  (see  reference  17,  Table  V). 

One  as  yet  unexplained  difference  in  static  performance  was  obtained 
both  in  the  tunnel  and  during  ramp  tests:  the  right  fan  performed 
markedly  worse  than  the  left  fan.  This  was  of  no  significance  to  the 
ground  effect  program  which  involved  comparison  tests  on  one  fan  only, 
but,  during  the  wind  tunnel  program,  fan  lift  is  taken  as  the  average 
of  two  "identical"  fans,  and  worse  performance  of  the  right  fan  would 
reflect  in  the  presented  data's  indicated  lower  fan  contribution  to  the 
total  performance  than  would  be  realized  with  two  actually  identical 
fans.  This  difference  is  over  and  above  the  difference  in  the  fan 
loading  characteristics  between  the  left  and  right  wing  fans  discussed 
in  Part  C  of  this  Section,  which  has  to  do  with  inlet  environment  and 
not  basic  fan  capability.  Although  measured  forward  air  seal  clearances 
are  indicated  to  be  very  similar  for  the  the  two  fans  (Section  II),  it 
is  believed  that,  with  different  rotor  to  frame  dimensional  runouts  and 
possibly  different  thermal  growths  in  the  two  fans,  the  right  fan  was 
adversely  affected  by  higher  forward  air  seal  leakage. 

The  significance  of  both  the  junction  loss  and  the  right  fan  deficiency 
is  that  the  wind  tunnel  results  presented  are  slightly  pessimistic  in 
terms  of  lift  and  net  thrust  capability  in  transition. 

Fan  Throttling  Characteristics: 

Figure  75  compares  the  X353-5  and  -5B  constant  power  static  throttling 
characteristics.  During  these  tests,  the  -5B  data  were  obtained  at 
lower  fan  speed  and  are,  therefore,  less  reliable.  Much  more  data  is 
now  available  from  the  f lightworthiness  test  of  the  X353-5B  propulsion 
system  in  the  Contractor's  Evendale  static  test  facility.  These  results 
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have  been  added  to  Figure  75  for  comparison.  In  addition,  the  fan 
speed  variation  as  a  function  of  exit  louver  vector  and  stagger  angles 
is  shown  in  Figure  77b.  At  the  static  condition,  the  increase  in  fan 
speed  with  louver  setting  is  not  as  severe  as  indicated  in  Figure  77a. 

Fan  Power  Absorption  in  Transition: 

The  fan-in-wing  unloads  rapidly  as  cross-flow  velocity  is  increased. 
This  is  in  marked  contrast  to  the  fan-in-fuselage  installation  where 
the  fan  operated  at  practically  constant  speed  throughout  the  transition 
range  (see  reference  17,  Figure  34).  The  fan-in-wing  unloading 
characteristics  are  shown  in  Figures  76  and  77a  for  the  left  wing 
installation  of  X353-5  and  X353-5B  rotors;  the  X353-5B  unloaded  more 
both  as  a  function  of  exit  louver  angle  and  forward  speed.  This 
characteristic  is  a  function  of  its  blade  loading  (see  Part  C  of  this 
Section).  Figure  78  shows  the  predicted  fan  speed  attainable  as  a 
function  of  forward  speed  and  exit  louver  angle  for  a  J85-5  power 
setting  equivalent  to  HP,.  ^  =  4180  at  hover.  The  X353-5B  rotor  is 
more  highly  loaded  at  its  static  design  point  and,  therefore,  runs  at 
a  lower  speed  at  hover  conditions  and  8=0°.  At  high  forward 
velocities  and  high  louver  settings  the  two  rotors  approach  the  same 
speed.  This  is  why  system  performance  in  cross-flow  based  on  the 
same  fan  speed  does  not  appear  to  differ  for  the  two  fan  types. 

All  of  the  transition  aircraft  performance  analyses  are  based  on  a 
1007.  fan  speed  limit.  It  is  possible  to  improve  this  performance 
appreciably  if  all  available  energy  from  the  J85  engine  were  utilized. 
This  kind  of  operation  would  have  to  be  based  on  mechanical  con¬ 
siderations,  since  an  increase  of  «  7%  above  the  design  fan  speed 
would  result. 


0 

Fan  speed  increases  as  power  supplied  to  the  turbine  remains  constant. 
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Unloading  characteristics  shown  In  Figure  77  are  applicable  for 
the  left  fan  installation  with  either  the  circular  vane  with  fixed 
side  vanes  or  the  circular  vane  only  inlet  configuration.  The 
articulated  inlet  did  not  unload  as  rapidly  as  a  function  of  cross- 
flow.  This  is  not  based  on  the  power  absorption  measurement  but  on 
the  fan  internal  performance  and  higher  aircraft  pitching  moments 
for  the  articulated  inlet  at  velocity  ratios  above  0.2  which  in¬ 
dicate  higher  fan  flow.  Based  on  internal  fan  performance  it  also 
appears  that  the  right  fan  at  velocity  ratios  below  0.3  unloaded 
less  as  a  function  of  velocity  ratio  than  the  left  fan.  (See 
Figure  58.)  This  difference  is  probably  too  small  to  identify  in 
power  measurements. 

The  internal  measurements  provide  insight  to  the  marked 
dissimilarity  in  performance  between  the  right  and  left  installation 
at  high  velocity  ratios.  The  right  fan  experienced  an  instantaneous 
unloading  (stall)  of  m  107.  speed  change  (equivalent  to  307.  power 
absorption  change  at  constant  speed) ;  the  locus  of  these  stall 
points  is  shown  in  Figure  79.  In  general,  increase  in  exit  louver 
angle  allowed  an  increase  in  velocity  ratio  before  this  stall 
occurred.  As  velocity  ratio  is  increased,  the  fan  does  not  remove 
all  of  the  cross-flow  component  and  the  discharge  flow  angle  be¬ 
comes  positive.  This  results  in  additional  louver  losses  and 
throttling  and  less  stall  margin  at  (3  =  0°,  and  a  decrease  in  louver 
losses  and  throttling  at  high  exit  louver  angles  (see  Figure  80)  . 


This  phenomenon  contributes  to  the  good  conversion  capability  of 
the  fan-in-wing  compared  to  the  fan-in-fuselage  in  spite  of  the 
much  poorer  inlet  ram  recovery.  The  other  contributor,  the 
variable  pressure  ratio  phenomenon,  is  described  in  Part  C  of  this 
Section . 


-70- 


The  le£t  fen  did  not  experience  this  rapid  unloading,  except  at 
very  high  velocity  ratioa.  It  did,  however,  unload  slowly  as  a 
function  of  angle  of  attack  at  velocity  ratios  around  0.4.  This 
characteristic  is  shown  in  Figure  79  for  the  X353-5  and  -5B  rotors 
in  the  left  wing.  The  X353-5  rotor  tolerated  m  101  higher  velocity 
ratio  before  becoming  sensitive  to  angle  of  attack  changes. 
Installation  of  fan  inlet  doors  and  changing  to  a  mid-wing  con¬ 
figuration  reduced  this  velocity  ratio  threshold  by  a*  20%;  angle 
of  yaw  of  8°  reduced  it  by  another  10%.  Left  fan  unloading  sbove 
this  velocity  ratio -angle  of  attack  envelope  was  m  0.5%  fan  speed 
per  degree  of  angle  of  attack;  within  the  envelope,  fan  speed  was 
not  affected  by  angle  of  attack. 

Flow  Direction  Through  Fan  in  Transition: 

With  the  fan  mounted  below  a  deep  duct  as  in  the  fan-in-fu8elage 
Installation,  the  flow  is  turned  90°  into  the  fan.  In  the  thin 
wing  installation  the  fan  flow  is  axial  only  at  hover  and,  as 
flight  speed  Increases,  the  flow  angles  through  the  fan  without 
being  fully  turned  into  the  inlet.  At  the  higher  flight  speeds 
with  3  set  at  low  angles,  the  louvers  are  at  negative  Incidence  to  the 
flow.  At  high  3  settings  the  louvers  line  up  with  the  flow 
angle  through  the  fan, resulting  in  less  throttling  effect  at  high 
3  angles  in  cross -flow  than  at  low  3  angles.  The  sketch  below 
illustrates  the  general  characteristic  believed  to  exist,  although 
this  is  not  directly  measurable  in  transition: 


W  /W 
a  a 
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This  effect  is  best  indicated  in  the  data  by  the  Increase  in  net 
thrust  beyond  0  settings  which  at  hover  Indicate  excessive 
throttling  losses  without  an  increase  in  horizontal  thrust.  The 
maximum  useful  0  setting  around  conversion  velocity  ratios  for  the 
fan-in-wing  configuration  was  w  50°;  for  the  fan-in-fuselage,  37° 
was  optimum. 

Fan  Sound  Power  Levels  and  Directivity: 

A  far  field  noise  measurement  of  the  lift  fan  installed  in  the 
NASA  airplane  was  made  during  the  ground  effect  testing.  A  sound 
pressure  survey  was  made  around  one  side  of  the  aircraft  model 
at  a  radial  distance  of  65  feet  and  in  the  plane  of  the 
fan,  which  was  about  10  feet  above  the  pavement. 

Fan  speeds  ranged  from  600  to  2300  rpm  and  the  measured  sound 

pressure  levels  (average  for  each  survey)  are  shown  in  Figure  81. 

For  each  survey  a  maximum  sound  pressure  was  recorded  in  a 

direction  normal  to  the  aircraft  fuselage,  probably  the  result 

of  sound  reflection.  The  range  of  sound  pressure  levels  for  any 

one  survey  (one  fan  speed)  was  +  4  db,  which  is  not  significant. 

o  o 

Fan  exit  louvers  were  actuated  from  0  to  20  at  1400  and  1725  fan 
rpm,  and  no  significant  change  in  fan  noise  was  detected. 

It  is  assumed  (based  on  propeller  noise  experience)  that  the 
maximum  noise  is  radiated  in  the  plane  of  the  fan.  The  sound 
power  level  measured  for  the  blade  passing  frequency  at  Evendale 
previously  was  151  db  compared  with  158  db  indicated  by  these  re¬ 
sults  and  considering  directivity  was  3  to  7  db  lower  than 
measured  at  Ames. 

Fan  and  Engine  Inlet  Reingestion; 

The  most  severe  case  of  engine  reingestion  occurred  during  the 
ground  checkout  test  conducted  on  the  ramp  in  September  1961. 
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Severe  engine  reingestion  was  encountered  for  all  cases  of  two-fan 

operation  and,  as  shown  in  Table  XVI  exit  louver  angles  up  to  20° 

were  not  effective  in  clearing  the  engine  inlet  condition.  No  fan 

reingestion  was  noted  under  any  conditions.  The  fan  discharge  was 

8  feet  11  inches  above  ground  equivalent  to  1.71  h/d_  and  the 

r 

engine  nacelles  terminated  6  feet  10  inches  forward  of  the  fan 
centerline  and  2  feet  9  inches  below  the  fan  discharge.  Operation 
was  unsteady  because  of  random  variations  in  engine  inlet  tem¬ 
perature  of  «  i  20°F.  With  one  fan  operating,  there  was  again  no 
fan  reingestion;  however,  the  engine  inlets  operated  ^  12°F  above 
ambient  without  the  speed  variation  problem. 

With  two-fan  operation  the  hot  air  from  the  fan  turbines  is  pinched 
between  the  cold,  denser,  fan  discharge  air,  and  it  issues  in  a 
narrow  stream  fore  and  aft.  The  stream  was  so  narrow  that  sometimes 
only  one  engine  was  influenced  (refer  to  Table  XVI) .  As  far  forward 
as  the  nose  of  the  aircraft,  the  stream  was  only  4  to  5  feet  wide. 

For  the  February  1962  ground  effect  tests,  engine  inlets  were 
modified  to  prevent  reingestion  simulating  a  high  inlet  con¬ 
figuration  (see  Figure  15). 

There  was  no  inlet  temperature  rise  noted  during  these  tests  with 

both  fans  operating  (h/d„  =  1.82).  A  few  of  the  runs  with  only 

r 

one  fan  operating  indicated  a  fan  and  engine  inlet  temperature  rise 

of  up  to  10°F.  The  maximum  value  was  observed  for  a  few  data 

readings  and  did  not  appear  to  be  a  function  of  h/d_  value  or  any 

r 

other  variable  in  the  testing.  Fan  speed  stability  was  generally 
within  ±  1 / 2X ;  with  10°F  reingestion  the  fan  speed  varied  ±  1%. 

In  wind  tunnel  tests,  engine  and  fan  reingestion  was  present  be- 
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low  velocity  ratios  of  0.08  when  both  fans  were  operating.  This 
caused  unsteady  fan  operation  and  prevented  obtaining  reliable 
data.  The  maximum  level  or  reingestlon  was  about  20°F. 

During  static  tests  in  the  tunnel  (overhead  doors  opened),  with 
only  one  fan  running,  the  fan  and  engine  inlet  temperatures  in¬ 
creased  gradually  up  to  20°F  above  the  temperature  at  the  start 
of  the  test  run.  This  was  normal  tunnel  heating  because  of  engine 
operation.  The  fan  operation  showed  +  17.  speed 
fluctuation  and  permitted  valid  data  recording. 

Ground  Temperature  Survey; 

During  the  ramp  tests,  temperature  surveys  were  taken  in  the  fan 
discharge  and  vicinity  and  on  the  fuselage  skin  near  the  fan 
turbine.  Results  of  the  air  temperature  measurements  are  shown 
in  Figures  82a  to  83c  with  the  fan  discharge  at  an  h/dp  value  of 
1.30.  The  data  were  taken  at  two  vertical  planes,  and  measurements 
were  recorded  at  eight  values  of  h/d^,.  The  results  also 
indicate  that  the  hot  fan  turbine  discharge  air  is  confined  by 
the  cold,  denser,  fan  discharge  air  to  the  vicinity  of  aircraft 
fuselage  and  that  the  hot  air  leaves  in  a  thin  sheet  fore  and 
aft  (this  1 s  also  substantiated  by  observation  while  walking 
around  the  model) . 

Air  temperature  data  at  0.98  h/d  is  not  as  extensive  and  con- 

r 

sistent  as  that  obtained  at  1.30  h/d^,  but  it  generally  shows  higher 
temperature  and  more  penetration  of  the  hot  gasses  into  the  cold 
fan  shown  in  Figures  84a,  b,  and  c.  General  temperature  surveys 
around  the  fans  are  difficult  to  obtain  because  of  the  large 
volume  to  be  covered  and  the  steep  temperature  gradients  in  the 
mixing  regions.  Fan  height  above  ground,  fuselage  geometry  and 
the  adequacy  of  single  fan  tests  (simulated  image  plane  of  symmetry) 
also  would  cause  difficulty  in  applying  these  results  directly  to 
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other  configurations.  The  levels  of  temperature  encountered  should, 
however,  be  a  good  indication  of  possible  problems. 

For  a  case  with  the  fans  located  about  one  diameter  above  ground 
which  is  realistic  for  an  actual  fan-in-wing  aircraft  (viz.  the 
VZ->11),  the  maximum  temperature  profile  under  the  turbine  stream 
reaches  approximately  450°F  above  ambient  5  to  15  inches  above 
ground.  The  maximum  occurs  near  the  interface  with  the  fan  stream, 
and  sharp  gradients  are  encountered  within  a  few  inches.  This 
local  high  temperature  mixes  after  turning  by  the  ground  and  the 
temperature  drops  rapidly  to  50  to  100°F  above  ambient  within  a 
few  fan  diameters  distance. 

Fuselage  skin  temperatures  for  the  two  values  of  h/d^,  are  shown  in 
Figure  85.  These  values  were  very  consistent  between  runs,  and 
can  be  safely  used  for  design  values  after  making  corrections  for 
heat  transfer  characteristics  of  the  fuselage  wall  (test  fuselage 
was  made  of  1/8  inch  thick  sheets  of  mild  steel).  The  maximum 
temperature  reached  within  777.  of  the  gas  generator  T6  level  which 
is  close  to  fan  turbine  discharge  temperature. 

E.  FAN  POWERED  AIRCRAFT  PERFORMANCE 


Performance  Coefficients: 

Non-dimensionalized  coefficients  used  throughout  this  report  were 

described  in  references  16,  17,  and  18.  Changes  were  made  for  this 

report  to  make  the  moment  coefficient  more  meaningful.  Previously 

the  moment  coefficient,  H^,  was  non-dimensionalized  with  the  tail 

moment  arm,  l  .  For  this  report,  except  as  specifically  marked 

otherwise,  it  is  non-dimensionalized  with  the  wing  mean  aerodynamic 

chord,  C  .  In  search  of  the  most  appropriate  basis  for  comparison 
mac 

of  fan  powered  aircraft  configurations,  fan  diameter  is  used  in  place 
of  wing  chord  in  the  moment  coefficient  definition  in  some  cases. 
Where  this  is  done,  the  change  is  noted  accordingly. 
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Other  than  these  changes  the  coefficients  are  as  described  in 

references  16,  17,  end  18.  Table  XVII  gives  the  conversion  re¬ 
lationships  for  e  general  fen-in-ving  case  end  for  the  specific 
a»dsl  tested. 


TABLE  XVII 

CONVERSION  RELATIONSHIPS  -  AIRCRAFT  COEFFICIENTS 


To  Convert 

From  To 

Multiply  By: 

For  General  Case 

For  Specific 

Model  Tested 

CL 

«L 

<VW’  V2af 

5.98  (Vp/Vtlp)a 

CD 

«D 

Ditto 

Ditto 

Si 

«M  «W> 

Ditto 

Ditto 

a 

2 

CM 

HM(dF) 

<V\.  )  Su  C  /2  A_d 

*  tip  W  mac  r  F 

n.14  <vF/vtlp> 

«L 

CL 

2V<VVtlp>"  *» 

0.167/(Vp/Vtlp)» 

S 

Ditto 

Ditto 

Ditto 

Ditto 

vv 

CM 

2AP  V^p'W'V-c 

0.0761/(Vp/Vtlp)3 

Motes:  1)  A^,  in  the  general  conversion  relationship  is  the  area  of 

both  fans. 

2)  (cmaf)  is  used  to  identify  the  moment  coefficient 
non-dimensionalized  with  mean  aerodynamic  chord. 

3)  H^Cdy)  is  used  to  identify  the  moment  coefficient 
non-dimensionalized  with  fan  diameter. 


A  third  set  of  non-dimensionalized  coefficients  is  commonly  used 
for  VTOL  devices.  This  system  uses  the  slip  stream  notation.  For 
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s 

example:  CT  a  L/q„  K?  where  q„  a  F  It  K,  +  qrt.  F  is 
L  nS  r  nS  oooo  r  ’0  oooo 

defined  as  the  hover  thrust  at  any  given  fan  speed,  out  of 

ground  effect  with  3  and  (L  -  0°.  The  conversion  between 

av  S 

*  V 

in  Table  XVIII  and  for  comparison,  data  from  Runs  1-5,  *6  and  -7 
are  shown  in  this  form  in  Figure  86.  These  type  data  are  in¬ 
cluded  only  for  the  convenience  of  readers  more  used  to  this 
method  of  presentation. 

TABLE  XVIII 

CONVERSION  RELATIONSHIPS  FOR  SLIPSTREAM  NOTATION 


these  coefficients  and  fan  coefficients  (H^ 


H^)  is  shown 


To  Convert  Multiply  By: 

For  Specific 


From 

To 

For  General  Case 

Model  Tested 

‘Ls 

«L 

(*a +  VW*) /2 

0.161  +  (Vp/Vtlp)a/2 

Ss 

hd 

Ditto 

Ditto 

ss 

«M 

V2c-c(*,+  <vw0 

0.073  +  (Vp/Vtlp)s/2 

«L 

*'  +  <vp/vtip>' 

2/[o . 321  +  (Vp/Vtlp)»J 

hd 

Ditto 

Ditto 

S,s 

2Cm.c/dF  1/*  <VVtip)SJ 

4.4/|_0.32l  +VVtip)aJ 

To  convert  the  velocity  parameters,  the  following  relationships 
apply:  General  Specific 

TCS  -  1/L1  +  (VVtip)'  -?J  -  l/[l  +  3.12  (Vp/»tlp)*j 

vp/vtiP  ■  ♦  (i/tcs  •  o1/a  -  °-567  (i/tcs  -  or 

Where : 

t  is  the  ratio  of  jet  velocity  to  fan  tip  speed  at  hover. 
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General  Comparison  With  Fan-In -Fuselage  Results: 

The  Cotal  lift,  drag  and  moment  data  for  all  of  the  fan  powered 
testa  are  shown  In  Figures  87  to  98.  In  general,  the  lift 
data  are  very  similar  to  the  fan-in-fuselage  results 
(references  16  and  17);  a  large  lift  Increase  is  measured  as 
velocity  ratio  is  increased.  At  velocity  ratios  about  0.36  with 
3  set  at  0°,  the  right  fan  experiences  a  rapid  unloading  re¬ 
sulting  in  a  lift  decrease  and  a  discontinuity  in  the  lift  co¬ 
efficient  characteristic. 

Drag  data  at  8  ■  0°  are  quite  different  from  fan-in-fuselage 
results  as  a  function  of  velocity  ratio.  The  fan-in-fuselage 
drag  increased  at  an  Increasing  rate  because  of  fan  flow 
increase  (favorable  inlet  ram  recovery)  while  fan-in-wing  drag 
increased  at  a  decreasing  rate  because  of  both  fan  flow  reduction 
(poorer  inlet  ram  recovery)  and  high  exit  louver  losses  with  the 
3*0°  setting.  At  velocity  ratios  about  0.36  the  drag  became 
nearly  constant  because  there  was  a  large  flow  reduction  when  the 
right  fan  stalled. 

For  3  settings  of  20°  and  greater,  the  drag  characteristics  appeared 
similar  to  the  fan-in-fuselage  results  (both  gross  thrust  and  ram 
drag  were  relatively  lower  but  the  net  drag  was  essentially  unchanged) . 

Pitching  moments,  which  are  a  function  of  moment  center  selection, 
appeared  to  be  quite  dissimilar  from  the  fan-in-fuselage  results, 
however,  are  actually  similar  when  proper  correction  for  Installation 
thickness  is  made.  Pitching  moment  is  found  to  be  a  function  of  fan 
flow  and  therefore  the  number  and  performance  of  the  fans  in  the 
configuration.  There  was  a  marked  difference  in  fan-ln-wing  flow 
versus  flight  speed  compared  with  fan-ln-fuselage  flow  because  of 
the  different  inlet  environments  and  this  significantly  influenced 
the  results  presented  in  the  following  discussions. 
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Accuracy  of  Interaction  Analysis: 

The  accuracy  of  interaction  lift,  drag,  and  moments  discussed  next 
is  mainly  dependent  on  two  factors:  force  and  moment  measurement 
accuracy  and  accuracy  of  calculated  fan  performance  based  on  Internal 
aerodynamic  pressure  measurements.  (See  Section  V,  Part  C.) 

The  measurement  accuracy  discussed  in  Section  IV  was  estimated 
directly  based  on  normal  periodic  force  balance  calibrations  and 
repeatability  of  force  data.  The  limitations  of  the  fan 
performance  calculations  are  discussed  in  Section  V,  Part  C.  In 
view  of  these  limitations,  it  is  estimated  that  fan  momentum  thrust 
based  on  calculated  fan  flow  and  used  in  interaction  calculations 
could  be  in  error  by  ±  107..  In  addition,  the  flow  angle  at  the 
exit  louver  cascade  (because  of  incomplete  turning  by  the  inlet) 
could  be  up  to  20°  higher  than  the  indicated  angle,  affecting  the 
moment  contribution  from  the  exit  louvers.  The  overall  accuracies 
estimated  for  the  interaction  analyses  are: 

+  0.035,  Up  +  0.02,  and  ±  0.05  units. 

Interaction  Lift: 

Interaction  lift  is  shown  in  Figure  99  for  several  configurations 
tested.  For  comparison,  f an-in-fuselage  results  are  also  shown. 

In  estimating  the  interaction  lift,  the  following  analysis  was  used. 
The  total  measured  power-on  lift  was  assumed  to  consist  of: 

1.  Power-off  aircraft  lift 

2.  Fan  momentum  lift  (Including  contribution  from  fan  turbine) 

3.  Lift  change  from  tail  downwa^.h 

4.  Interaction  lift  (induced  lift  plus  Interference  effects) 

The  power-off  aircraft  lift  can  be  calculated  for  each  configuration 
in  units  of  using  the  conversion  from  to 
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Fan  momentum  lift  was  calculated  from  internal  fan  pressure 
measurements  and  is  shown  in  Figure  100  (with  fan  turbine  con¬ 
tribution  included)  as  a  function  of  velocity  ratio.  For  de¬ 
tails  of  fan  performance  calculations,  see  Fart  C  of  this 
Section.  Lift  change  from  tail  downwash  was  considered  for  the 
tail-on  configurations  tested  using  the  previously  determined 
tail  downwash  angle  as  a  function  of  velocity  ratio  and  tail 
lift  vs.  angle  of  incidence  relationship  based  on  power-off 
tests. 

Subtracting  items  1,  2,  and  3  from  the  total  measured  lift  gives 
the  interaction  lift  caused  by  fan  operation.3 

The  results  for  the  three  major  configuration  changes  shown  in 
Figure  99  indicate  that  interaction  lift  increased  with  an  in¬ 
crease  of  velocity  ratio  and  was  considerably  larger  for  the 
3=  0°  case.  The  interaction  lift  for  a  configuration  with 
6f=  0°  is  indicated  to  be  larger  than  one  with  6f=30°  at 
velocity  ratios  above  0.2,  but  this  is  probably  because  of  the 
calculation  assumptions:  the  flap  effectiveness  was  assumed  to 
be  the  same  for  both  power-on  and  power-off  operation.  Actually, 
the  position  of  the  extended  flap  area  directly  behind  the  fan  is 
affected  by  the  fan  stream  and  its  effectiveness  should  be 
significantly  decreased  as  velocity  ratio  is  increased. 

The  interaction  lift  appears  to  be  a  function  of  fan  jet  angle 
relative  to  the  cross-flow.  Based  on  internal  measurements,  fan 
flow  was  higher  for  3  ®  35°  than  g  =  0°  at  velocity  ratios  above 
0.2;  however,  the  interaction  lift  calculated  for  B  =  0°  is  con¬ 
siderably  larger.  This  characteristic  was  even  more  pronounced  for 
the  fan-in-fuBelage  configuration  where  at  3  =  35°  there  was 
essentially  no  interaction  lift  indicated.  This  is  not  unexpected 


No  correction  has  been  attempted  for  any  effect  of  the  tunnel  floor 
(or  other  walls)  on  these  results. 
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since  a  jet  flap  exhibits  similar  characteristics.  It  is  also 
indicated  from  the  data  that  the  fan  mounted  in  a  wing  causes  a 
higher  level  of  interaction  lift  per  unit  of  fan  flow  than  the 
fan  mounted  in  a  fuselage.  The  fan-in-fuselage  flow  was  higher 
for  all  0  settings,  but  the  absolute  value  of  interaction  lift 
was  as  large  or  larger  for  the  fan-in-wing  at  all  g  settings. 

It  was  not  possible  to  obtain  good  lift  measurements  in  the  wind 
tunnel  at  velocity  ratios  below  0.08  because  of  fan  and  engine 
reingestion.  Any  performance  indicated  in  this  range  must  be  con¬ 
sidered  questionable  wherever  the  wind  tunnel  results  are  presented 
as  a  ratio  or  percentage  of  fan  static  lift;  the  static  fan  perfor¬ 
mance  level  used  is  that  obtained  during  Evendale  static  tests  (X353-5) 
which  is  repeated  in  Figure  101  (from  reference  19) . 

Interaction  Pitching  Moment : 

Interaction  moments  are  shown  in  Figure  102  for  the  several  con¬ 
figurations  tested.  For  comparison,  fan-in-fuselage  results  are 
shown  corrected  for  the  difference  in  installation  thickness. 

In  estimating  the  interaction  moments,  the  following  analysis  was 
used.  The  total  measured  power-on  moment  was  assumed  to  consist 
of : 

1.  Power-off  aircraft  moment 

2.  Moment  from  displacement  of  the  fan  lift  and  thrust 
vectors  from  the  moment  center3 

3.  Moment  caused  by  the  J85  ram  drag 

4.  Moment  contribution  from  the  tail 

5.  Interaction  moment  (from  induced  and  interference 
effects) 


For  moment  center  No.  2: 


Mr 


+  0.85  Fx  -  1.38  Fy. 
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Power-off  aircraft  moment  can  be  calculated  for  each  configuration 

the  conversion  from  to 

Moments  caused  by  the  displacement  of  fan  lift  and  thrust  vectors 
from  the  moment  center  are  calculated  using  Internal  fan  perfor¬ 
mance  results. 


in  units  of  using 


Moments  caused  by  the  J85  ram  drag  are  obtained  using  the  relation¬ 
ship  of  engine  flow  to  fan  speed  and  the  moment  arm  from  the  moment 
centers  to  the  engine  centerline.  This  is  approximately  - 

Hp  ram  (2'95)  Wo  =  -°-0446  <2‘95>  V»/V 


11.44 


P_kl£  =  0.0115  Vp/Vtip. 


The  reason  this  is  only  an  approximate  relationship  is  that  the 
fan  speed  to  engine  flow  is  not  an  exactly  constant  ratio  for  all  fan 
speeds.  This  error,  however,  is  less  than  IX  of  the  total  moment 
and  is,  therefore,  insignificant. 


Moment  contribution  from  the  tail  installation  is  calculated  from 
the  previously  obtained  relationships  of  tail  downwash,  and  velocity 
ratio  and  tail  lift-angle  of  incidence  slope. 

Subtracting  items  1  through  4  from  the  total  measured  moment  gives 
the  interaction  moment  caused  by  fan  operation. 

Comparing  Figures  102  and  103,  it  can  be  seen  that  the  interaction 
moment  at  0  =  0°  and  6^  =  0°  follow  about  the  same  pattern  as  the 
fan  drag  at  3=0°.  Assuming  the  relationship  x  dp  =  a 

constant  x  H^,  the  constant  can  be  evaluated  and  is  found  to  be 
approximately  equal  9.5  for  the  velocity  ratio  range  from  0  to  0.30 
(@  =  0°  and  6^  =  0°) .  It  is  therefore  possible  to  account  for  all 
fan  caused  moments  by  considering  the  fan  ram  drag  force  to  act  at  a 
distance  of  9.5  ft,  above  the  moment  center  (No. 2)  or  9.0  ft. 
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above  the  top  surface  of  the  fan  (wing).  This  is  comparable  with 
a  value  of  r=  8.4  ft.  above  the  wing  for  the  fan-in-fuselage  model.3 

Other  studies  indicate  the  interaction  moment  should  be  directly 
proportional  to  chord  and  inversely  proportional  to  the  effective 
aspect  ratio.  The  fan-in-wing  model  had  both  a  larger  mean  aero¬ 
dynamic  chord  (11.44  vs.  7.33  ft.)  and  smaller  effective  aspect 
ratio  than  the  fan-in-fuselage  model.  The  7X  difference  in  inter¬ 
action  moment  between  these  two  relatively  dissimilar  models  is. 
therefore,  considered  reasonable. 

At  (3  =  35°  the  interaction  moment  was  less  than  at  g  =  0°,  even 

though  fan  flow  was  larger  at  3  =  35°  at  velocity  ratios  above  0.2. 

This  is  partially  the  same  phenomenon  as  described  in  reference  17, 
page  48;  pre-turning  the  discharge  flow  by  the  exit  louvers  reduces 
the  interference  of  the  issuing  jet  with  the  cross-flow.  An  additional 
factor  not  present  in  the  fan-in-fuselage  installation  tested  is  that 
of  the  flow  not  being  axial  through  the  wing  installed  fan  at  high 
velocity  ratios,  as  evidenced  by  the  more  severe  throttling  of  the 
fan  at  8  =0°  than  at  8  =  35°  above  0.2  Vp/V^p.  In  calculating 

interaction  moments,  it  was  assumed  that  there  was  a  force  on  exit 
louvers  equal  to  FY  and  a  resulting  nose-up  pitching  moment  of  0.85  F  . 
The  flow  angle  leaving  the  exit  louver,  cascade  is  approximately  g 
when  there  is  ho  separation  in  the  cascade.  (Refer  to  Sketch.)  If 
inflow  is  axial,  the .horizontal  force  (neglecting  friction)  on  tne 
louver  cascade  is  F  sin  g  or  F  and  the  pitching  moment  caused  by  the 

A 

exit  louvers  relative  to  moment  center  No.  2  is  0.85  F^.  If  the  inflow 
is  not  axial,  the  horizontal  force  on  the  cascade  is  F  (sin  g  -  sin  Ag) 
or  less  than  F^,  and  the  resulting  pitching  moment  is  less  than  0.85  F^. 
The  actual  flow  angle  entering  the  exit  louver  cascade  is  between 


Reference  16,  Table  9 
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0  and  Tan”1  V_/V,  .  At  V-/V,.  =  0.3,  the  Tan^V  /V,  .  is  **  24°. 

Assuming  this  flow  condition,  the  interaction  pitching  moment  for 
P  =  35°  (Figure  102)  would  increase  by  0.017;  at  this  same  velocity 
ratio  but  for  P  =  0°  it  would  decrease  by  0.016  bringing  the  results 
for  the  two  exit  louver  settings  closer  together. 

The  interaction  pitching  moment  calculated  for  runs  with  p  =  35° 
and  =  30°  does  not  follow  the  constant  relationship  with  ram  drag. 

The  30°  plain  flap  used  in  this  test  contributed  ps  0.13  nose-down  C^. 
Review  of  the  various  data  shows  changes  in  lift,  drag  and  moment  that 
strongly  indicate  the  flap  to  be  separated  directly  behind  the  fan. 

This  separation  could  be  caused  by  the  large  cut-out  in  the  flap  which 
was  necessary  to  accommodate  the  test  exit  louver  actuation  system 
(see  Figure  1).  This  implies  reduced  basic  aircraft  moment  and  lift 
contributions  (see  Figure  99  for  change  in  interaction  lift  with  flap 
setting).  In  the  analysis  of  interaction  pitching  moments  it  was 
assumed  that  the  basic  aircraft  moment  contribution  remained  constant, 
and  this  would  result  in  evaluating  the  interaction  moment  at  too  high 
a  level  for  operation  with  the  flaps  extended.  If  a  flap  effectiveness 
of  ft  80%  is  assumed,  both  the  interaction  moment  and  lift  results 
become  independent  of  flap  setting. 

It  is  not  possible  to  exactly  account  for  the  non-axial  flow  and  flap 
effectiveness  Influences  on  the  results,  so  results  are  presented  for 
assumed  axial  flow  and  100%  flap  effectiveness.  The  reader  is, 
however,  cautioned  to  consider  such  influences  in  applying  these  results 
to  specific  applications. 

The  center  of  lift  change  as  a  function  of  velocity  ratio  is  shown 

in  Figure  104.  The  maximum  forward  shift  of  the  center  of  lift  is 

p«  25%  of  C  or  557.  of  fan  diameter.  This  is  another  way  of  pre- 
mac 

seating  the  system  moment  characteristic. 

Within  the  accuracy  of  the  data  there  is  no  indication  that  configura- 
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tion  changes  such  aa  addition  of  Kruger  flaps,  a  short  span  wing, 
or  a  mid-wing  installation  affect  the  moment  to  any  appreciable 
degree.  There  was,  however,  a  larger  decrease  in  interaction  moment 
at  rs  0.35  where  the  right  fan  stalled  and  its  mass  flow 

decreased  considerably. 

Interaction  Drag: 

Interaction  drag  is  shown  in  Figure  105  for  several  configurations 
tested.  For  comparison,  fan-in-fuselage  results  are  also  shown. 

In  estimating  the  interaction  drag  the  total  measured  power-on 
drag  is  assumed  to  consist  of: 


1. 

Power-off  aircraft  drag 

2. 

J85  ram  drag 

3. 

Fan  ram  drag 

4. 

Fan  gross  thrust 

contribution) 

(including  fan  turbine  thrust 

5. 

Interaction  drag 

effects) 

(induced  drag  plus  interference 

The  power-off  aircraft  drag  can  be  calculated  for  each  configuration 
in  units  of  “d  using  the  conversion  from  Cp  to  Hp.  J85  ram  drag  was 
r.  0,0446  based  on  the  engine  flow-fan  speed  relationship. 

Fan  ram  drag  and  gross  thrust  were  obtained  from  internal  fan  pressure 
measurements.  Figure  103. 

Subtracting  items  1  through  4  from  the  total  measured  drag  gives  the 
interaction  drag  caused  by  fan  operation.  The  interaction  drag  in¬ 
creased  with  velocity  ratio  and  is  higher  at  8  =  35°  than  P  =  0°. 

The  6f = 0°  data  has  a  larger  interaction  drag  component  which  is  con¬ 
sistent  with  the  flap  effectiveness  reduction  discussed  in  evaluating 
interaction  lift  and  moment.  The  fan-in-fuselage  results  indicate  a 
much  higher  level  of  interaction  drag  at  P  =  0°.  This  could  be  partly 
caused  by  the  higher  fan  flow  in  the  fuselage  installation;  however. 
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the  large  part  of  the  difference  is  suspected  to  be  the  result  of 
flow  separations  along  the  fuselage  behind  the  fan  with  that  rela¬ 
tively  unstreamlined  model. 

For  the  evaluation  of  interaction  effects  (lift,  drag  and  moment), 
fan  flow,  gross  thrust  and  ram  drag  are  calculated  from  fan  internal 
performance  discussed  in  Part  C  of  this  Section.  Based  on  the 
non-uniform  flow  conditions  described  there,  it  should  be  considered 
that  the  calculations  of  fan  performance  are  not  exact  and  that  the 
interaction  effects  are  subject  to  the  same  inaccuracies  involved  in 
determining  internal  fan  performance. 

The  fan  lift  and  drag  coefficient  determined  from  fan  internal  per¬ 
formance  measurements  shown  in  Figures  58,  59  and  60  do  not  include 
the  lift  or  drag  (thrust)  contribution  from  the  fan  turbine  exhaust 
gases.  This  was  added  in  preparing  Figures  100  and  103  of  the  inter¬ 
action  analysis. 


System  Lift  and  Drag  and  Moment  Changes  as  a  Function  of  Angle  of 
Attsck; 

The  lift  changes  as  a  function  of  angle  of  attack  were  reasonably 

unaffected  by  fan  operation  at  3  =  0°.  To  obtain  preliminary 

estimates  of  total  system  lift  at  any  angle  of  attack  between  -4° 

and  +10°.  it  is  possible  to  add  the  fan  lift,  Figure  100,  to  the 

interaction  lift,  Figure  99,  and  the  power-off  aircraft  lift  at 

the  desired  angle  of  attack.  Figure  106  shows  the  slope  of  the 

lift  coefficient  vs.  angle  of  attack  for  power-on  and  power-off 

0 

conditions.  The  0  «  0  value  was  always  slightly  lower  than  the 
power-off  value  mainly  because  of  fan  performance  deterioration  as 
angle  of  attack  was  increased.  At  0  *  35°  the  geometry  effects  are 
in  a  direction  to  increase  fan  lift  ( F ^  m  F  |^Cos  (0  -  a)J  ^  and 
apparently  overcome  the  fan  total  thrust  decrease  caused  by  angle 
of  attack  increase.  At  velocity  ratios  above  0.25  the  fan  performance 
deterioration  with  a  was  more  pronounced  and  the  power-on  value  of 
AC^/Aa  was  less  than  the  power-off  value. 

Total  drag  changes  as  a  function  of  angle  of  attack  were  mainly  a 
function  of  fan  Jet  discharge  angle  especially  at  low  velocity 
ratios.  At  any  condition  the  drag  changes  can  be  expressed  (for  an 
a  range  from  -4°  to  +10°)  as  a  AHp/Aa  =  kx  a  +  kg  a3.  The  squared 
term  is  usually  less  than  107.  of  the  total  change  and  as  an  approxi¬ 
mation  a  linear  relationship  can  be  used.  Figure  107  shows  the 
variation  of  AHjj/Aa  vs.  velocity  ratio.  This  ratio  did  not  vary  much 
with  velocity  ratio  (except  at  low  0  settings  in  the  high  velocity 
ratio  ranges  where  increases  in  angle  of  attack  caused  the  right  fan 
to  stall;  this  was  usually  accompanied  by  a  decrease  in  drag  from 
reduced  fan  flow) . 

The  change  in  pitching  moment  with  a  was  essentially  a  constant 
AC.,/ Ax  phenomenon,  again,  except  when  fan  stall  was  present. 
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In  general,  It  can  be  said  that,  as  a  function  of  angle  of  attack: 

1.  Lift  changes  were  similar  to  the  power-off  case.  There 
were  some  small  influences  of  fan  jet  exit  geometry  at 
high  0  settings  and  low  velocity  ratios,  and  of  fan 
performance  deterioration  at  high  velocity  ratios. 

2.  Drag  (thrust)  changes  were  primarily  a  function  of  geometry. 
Some  small  Influence  of  the  basic  aircraft  drag  changes 
which  may  be  obscured  by  fan  performance  changes  is  also 
present. 

3.  Pitching  moment  changes  are  similar  to  the  power-off  case 
with  little  fan  influence. 

Power-On  Tall  Down wash  and  Static  Stability: 

Tail  downwash  variation  as  a  function  of  velocity  ratio  is  shown  in 
Figure  108  .  As  expected  the  downwash  angle  was  higher  than  for 
the  power-off  condition  and  decreased  with  velocity  ratio.  Tail 
downwash  values  below  a  velocity  ratio  of  0.075  (equivalent  to 
m  30  knots  at  100%  fan  speed)  are  difficult  to  determine  because 
of  the  small  values  of  the  moment  forces  used  for  calculations. 

Also  the  tunnel  effects  at  these  conditions  are  large,  affecting  the 
applicability  of  these  data. 

The  downwash  angle  at  the  aerodynamic  center  is  a  function  of  C 

la 

and  aspect  ratio ;  tangent  c  -  CT  /ttAR,  which  for  small  angles  re¬ 
duces  to  c  »  57.3  CT /TtAR.  Theoretically  the  downwash  angle  at 
infinity  approaches  a  value  equal  to  twice  the  value  at  aerodynamic 
center.  In  practice  the  downwash  angle  approaches  zero  some  distance 
behind  the  wing  because  of  viscous  effects  and  is  a  finite  value  at 
the  tail  plane.  This  value  depends  primarily  on  the  lift  coefficient, 
aspect  ratio, and  taper  ratio  of  the  wing,  and  the  distance  of  the 
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tail  behind  and  above  the  wing  chord.  For  the  same  configuration, 
the  tail  downwash  should  be  a  function  of  only.  Figure  109 
shows  the  variation  of  CT  with  velocity  ratio  for  P  =  0°  and  35°. 

la 

Based  on  this  it  would  be  expected  that  downwash  angle  be  some 
10  to  507.  higher  for  the  p  »  0°  compared  to  P  o  35°  case  over  the 
velocity  ratio  range  tested.  This  is  not  the  case,  probably  because 
of  tunnel  effects  and/or  data  scatter. 

The  fan-in-fuselage  installation  had  an  aspect  ratio  of  1.43  times 
the  fan-in-wing  value;  it  also  had  a  slightly  longer  distance  to 
the  tail  plane,  a  higher  tail  position,  and  iw  207.  lower  C  at  a 

la 

given  velocity  ratio  (P  *  0  and  6^  =  0°) .  All  these  factors 
would  Indicate  approximately  three  times  as  much  downwash  for  the 
fan-in-wing  compared  to  fan-in-fuselage  configuration.  Figure  108 
shows  the  downwash  angle  of  both  configurations.  The  ratio  of  fan- 
in-wing  to  the  fan-in-fuselage  downwash  angle  varies  from  mi  2  at 
the  lowest  velocity  ratio  to  m4.5  at  0.3  V^/V^  indicating  a 
reasonably  good  agreement  with  the  estimated  ratio  of  3. 

The  change  of  tail  downwash  angle  with  angle  of  attack  was  the 
same  with  the  fans  running  as  the  power-off  value  (dc/da  =  0.6), 
and  was  independent  of  velocity  ratio  or  exit  louver  angle  setting. 

The  longitudinal  static  stability  power-on  and  power-off  is  shown 
in  Figure  110.  The  value  of  static  stability  power-on  is 
generally  higher  than  power-off.  This  phenomenon  is  caused  by 
rearward  shift  of  the  aerodynamic  center  (when  the  fan  is  operating) 
of  m  27.  chord  as  can  be  seen  in  Figure  111. 

The  above  results  are  for  the  high-wing  configuration  with  30°  flap 


a  Moment  center  No.  2  shown  on  Figure  2  was  used  for  the  longitudinal 
static  stability  calculations. 
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deflection  (no  fan  Inlet  doors) .  Sufficient  date  are  not  available 
to  evaluate  tall  downwaah  and  static  longitudinal  stability  for  all 
of  the  configurations  tested;  however,  it  seems  likely  that  the  fan 
contribution  would  be  of  constant  magnitude  and  only  the  power-off 
base  point  would  change. 

Inlet  Comparisons: 

Three  fan  inlets  were  used  during  Period  I  testing  (see  Section  II 
for  detail  description) . 

Inlet  No.  1  -  Fixed  side  vanes  plus  circular  vane 

Inlet  No.  2  -  Circular  vane  only 

Inlet  No.  3  -  Articulated  louvers  plus  circular  vane 

The  drag  lift  and  moments  obtained  with  inlets  No.  1  and  2  were 
practically  the  same  for  all  ranges. of  variables  tested  indicating 
the  fan  gross  performance  to  be  unaffected  by  the  presence  of  the 
side  vanes.  The  side  vanes  did  not  influence  system  performance; 
however,  they  did  reduce  inlet  distortion  and,  therefore, • reduced 
blade  stresses  (see  Parts  C  and  F  of  this  Section,  fan  internal 
and  fan  mechanical  performance) . 

Using  inlet  No.  3  resulted  in  slightly  lower  lift  (0  to  10X)  at 
low  velocity  ratios  up  to  Vp/V^  a  0.18,  because  of  the  higher 
inlet  losses  under  these  conditions.  At  velocity  ratios  from  0.18 
to  0.30  inlet  No.  3  resulted  in  slightly  higher  lift  (0  to  10X) ; 
above  0.30  Vp/Vtip  up  to  20X  higher  lift.  This  increase  was  caused 
by  an  effectively  higher  fan  flow  area  present  with  the  articulated 
louvers  rather  than  an  increase  in  ram  recovery  (see  Figure  55a 
and  57). 


-92- 


As  would  be  expected  from  the  higher  fan  flow,  the  drag  moment 
tended  to  be  higher  for  inlet  No.  3  at  higher  velocity  ratios. 

The  moment  comparison  in  Figure  112  is  based  on  tail -on  moment 
data  corrected  for  tail  downwash.  Some  error  is  probably  present 
since  the  downwash  was  assumed  to  be  the  same  for  all  inlet  con¬ 
figurations.  Data  are  not  available  for  a  direct  tail  downwash 
evaluation  for  all  of  the  inlet  configurations. 

The  maximum  conversion  speed  was  nearly  the  same  for  all  inlets 
(see  Figure  113).  This  phenomenon  can  be  best  explained  from  the 
internal  fan  performance  (Part  C) .  Inlet  distortion  reduces  effective 
flow  area  but  increases  fan  effective  pressure  ratio  for  inlets  No.  1 
and  2  relative  to  inlet  No.  3.  This  results  in  decreased  flow  but 
higher  thrust  per  unit  of  flow  for  inlets  No.  1  and  2,  and  the  net 
thrust  output  is  essentially  the  same  for  all  three  inlets. 

Rotor  Comparisons  in  Cross  Flow: 

The  installation  of  the  X353-5B  rotor  in  the  left  wing  for  the 

Period  II  tests  did  not  affect  the  total  aircraft  performance  to 

any  measurable  degree.  It  would  be  expected  that  at  low  velocity 
o 

ratios  and  p  =  0  there  should  be  a  difference  in  total  lift  of 
about  4%  at  the  same  fan  speed  because  of  the  higher  loading  of 
the  -5B  fan.  The  inherent  scatter  of  low  velocity  ratio  data 
obscures  any  such  trend.  At  high  velocity  ratios  and/or  high 
exit  louver  angles  the  -5B  rotor  unloads  faster  than  the  -5  rotor 
and  the  performance  of  each  rotor  at  constant  speed  should  become 
nearly  the  same;  this  indeed  was  the  case  with  some  indication  that 
the  -5B  rotor  may  provide  less  lift. 

Effects  of  Fan  Inlet  Closure  Doors  : 

Addition  of  "butterfly"-style,  faired,  inlet  doors  caused  an  increase 


in  aircraft  drag  coefficient  (Cp)  of  tn  0.02  to  0.03  for  the  velocity 

ratio  range  of  0.15  to  0.30  at  all  exit  louver  angle  settings 
(Figures  114a  to  114c).  Since  the  ACQ  caused  by  door 
installation  is  reasonably  constant  for  all  louver  settings  and 
changes  only  slightly  with  velocity  ratio,  it  is  reasonable  to 
assume  that  it  is  mainly  an  increase  in  form  drag  and  not  a 
change  in  fan  performance  (in  the  latter  case  tC Q  would  vary  as 

(Vp/Vtip)a) .  Additional  support  for  this  conclusion  is  the  lift 
coefficient  not  being  affected  by  door  presence. 

The  doors  were  installed  using  external  cables  and  turnbuckles. 
Estimating  *  2  square  feet  projected  area  for  the  above,  it  is 

possible  to  account  for  m  20%  of  the  additional  drag  caused  by 
door  installation.  Converting  the  remaining  drag  to  D/q  units, 
it  appears  that  the  faired  doors  used  in  test  cause  an  additional 
drag  equivalent  to  m  10  D/q  (in  the  open  position)  for  a  two -fan 
installation. 

Kruger  Flap  Effects: 

Addition  of  Kruger  flaps  had  practically  no  effect  on  drag  other 

than  the  power-off  difference  of  0.01  Cp  (see  Table  X). 

Interaction  pitching  moment  comparisons  are  shown  in  Figure  112 

with  no  appreciable  difference  except  that  Kruger  flaps  improved 

the  fan  performance  slightly,  resulting  in  higher  moments  at 

velocity  ratios  above  0.3.  This  improvement  is  probably  caused 

by  a  reduction  in  cross-flow  velocity  in  the  vicinity  of  the  fan 

inlet  because  of  the  increase  in  wing  chord  ahead  of  the  fan  inlet. 

o  o 

The  total  lift  at  a  »  -4  to  +4  was  not  affected;  however,  at 

higher  angles  of  attack,  the  lift  with  Kruger  flaps  was  increased 

and  CL  was  approximately  107.  higher. 

L  max 

Very  High  Velocity  Ratio  Performance: 

Normal  take-off  transitions  should  be  completed  at  velocity  ratios 
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below  0.3.  It  Is  possible  thst  landing  transitions  can  be  per¬ 
formed  that  involve  very  high  velocity  ratios  (0.4  to  0.6)  because 
of  the  reduced  fan  speed  requirement;  also  advanced  lift  fan 
systems  using  flow  division*  between  the  cruise  nozzles  and  the 
fans  would  tend  to  be  operated  at  higher  velocity  ratios.  Data 
for  the  high  velocity  ratio  ranges,  0.4  to  0.6,  are  shown  in  Fig¬ 
ures  115a  and  b.  Fan  performance  is  poor  and  the  total  performance 
approaches  the  power-off  aircraft  case.  A  complete  polar  at 
8  =  45°  and  Vp/V^  =0,57  is  shown  in  Figure  116,  indicating  the 
similarity  of  power-on  to  the  power-off  results.  This  similarity 
of  high  velocity  ratio  to  the  basic  aircraft  results  suggests 
that  low  fan  speed  landing  conversions  can  be  accomplished 
smoothly  without  trim  changes;  also,  take -of f  conversions  using 
sequential  diverter  valve  switching  can  be  accomplished  with 
considerably  less  trim  changes  than  required  during  simultaneous 
switching. 

Thrust  Spoiling  for  Control : 

The  exit  louver  system  was  designed  to  provide  lift  modulation  at 
constant  engine  power.  Initial  lift  spoiling  tests  at  static 
conditions  were  performed  at  Evendale  (reference  19) .  During  this 
wind  tunnel  phase  of  fan  test  the  lift  spoiling  characteristics 
were  evaluated  further  as  a  function  of  cross -flow  and  angle  of 
attack.  The  four  Important  results  are  the  lift  reduction,  thrust 
reduction,  pitching  moment  reduction  and  fan  speed  change  as  a 

function  of  exit  louver  stagger  angle  ((3  =  8a  -  Pi ) . 

8  2 

The  combined  lift  spoiling  results  of  the  Evendale  and  Ames  tests 
are  shown  in  Figures  117a  to  117d  showing  the  variation  of 


*  Reference  20 
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vertical  lift  and  horizontal  thrust  as  a  function  of  velocity 
ratio,  average  exit  louver  angle  Oav  "  fii  ±  fit)  and  stagger 
angle  (3g)  . 

Lift  and  thrust  reductions  at  a  given  fan  speed  are  expressed  as 

a  percentage  of  the  fan  lift  at  hover  with  3ftV  “0°,  3fl  «■  °°* 

and  at  the  same  fan  speed.  (See  Figure  118c  for  fan  lift  vs. 

speed  at  these  conditions.)  Data  presented  include  the  total 

effect  due  to  stagger;  that  is,  both  fan  momentum  lift  and  thrust 

changes  as  well  as  changes  in  induced  lift  and  drag.  Figure  117a 

shows  the  lift  and  thrust  variation  as  a  function  of  velocity 

ratio  and  stagger  angle  for  $  »  0°.  There  is  no  appreciable 

av 

effect  on  thrust  for  all  B  values  and  no  effect  on  lift  for  3 

o  8  s 

up  to  10  .  The  maximum  amount  of  lift  spoiling  possible  at  hover 

(3  =  0°),  with  the  X353-5  louver  geometry,  is  25%  of  hover  lift 

&v  o 

with  the  exit  louver  setting  of  3  =  40  . 

s 

Figure  117b  shows  the  same  variables  for  3  *»  10°.  The  main 

o 

differences  from  the  3  «  0  results  are  the  Increase  in  thrust 

av 

variation  with  3fl  and  the  change  in  both  lift  and  thrust  variation 
with  velocity  ratio.  The  reduction  in  thrust  with  Increase  in 
stagger  angle  is  caused  by  the  reduction  in  effective  turning  angle 
relative  to  the  vector  angle  (see  Figure  119).  The  increase  in 
lift  spoiling  effectiveness  as  velocity  ratio  is  Increased  up  to 
Vp/Vfcip  w  0.15  is  apparently  caused  by  reduction  in  induced  lift 
effects  in  addition  to  fan  momentum  lift  reduction  when  staggering. 
The  reduction  in  thrust  spoiling  with  increasing  velocity  ratio  is 
caused  by  the  decrease  of  fan  flow  and  the  resulting  decrease  in 
ram  drag;  the  gross  thrust  changes  are  reasonably  independent  of 
velocity  ratio  changes;  however,  the  ram  drag  changes  are  pro¬ 
portional  to  velocity  ratio, and,  therefore,  the  net  thrust  changes, 
through  staggering,  decrease  with  velocity  ratio  increases. 
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Figures  117c  and  117d  give  the  lift  and  thrust  variation  for 
Pav  =  20°  and  35°.  An  additional  phenomenon  present  is  that,  for 
velocity  ratios  above  0.15,  the  lift  spoiling  effectiveness  de¬ 
creases  apparently  because  of  the  relatively  lower  fan  contri¬ 
bution  to  total  lift  at  higher  velocity  ratios  (Figure  100). 

In  addition  to  altitude  control,  staggering  can  provide  roll 
control  by  spoiling  one  fan  more  than  the  other.  Some  asymmetrical 
staggering  data  were  obtained  which  show  the  lift  and  thrust  losses 
to  be  only  about  half  of  the  value  obtained  with  equal  staggering, 
Indicating  that  there  is  no  cross -coupling  between  the  two  fans. 

The  roll  and  yaw  results  show  considerable  scatter  throughout  the 
test,  but  can  be  used  as  a  rough  check  on  the  point  of  action  of 
the  forces  produced  by  staggering.  The  yaw  moment  was  approximately 
equal  to  AD  x  8  ft.  and  the  roll  moment  was  approximately  equal  to 
AL  x  6  ft.  Based  on  this, it  can  be  assumed  that  the  lift  and  drag 
changes  produced  by  staggering  act  at  about  the  fan  center  which  is 
7.12  ft.  from  the  aircraft  centerline.  More  accurate  roll  and  yaw 
moment  measurements  would  be  necessary  to  establish  the  exact 
position;  at  hover  these  forces  act  slightly  inboard  from  fan 
center  because  of  the  turbine  location.  As  cross-flow  velocity  is 
increased,  the  point  of  action  of  drag  and  lift  forces  moves  inboard 
of  the  fans  (for  counter-rotating  fans  :  left  wing  fan,  counter¬ 
clockwise;  right  wing  fan,  clockwise  rotation,  looking  from  the  top) 
because  of  increased  loading  on  the  advancing  blades  relative  to 
the  retreating  blades.  Changes  in  induced  effects  may  modify  this 
to  some  extent  depending  on  aircraft  configuration. 

Pitching  moment  changes  (moment  center  No.  2)  were  insignificant 
as  a  function  of  staggering:  fan  lift  decreased  reducing  nose-down 
moment,  while  fan  flow  also  decreased  reducing  ram  drag  and  its 
attendant  nose-up  moment.  If  the  center  of  gravity  is  located  on 
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a  chord  station  corresponding  to  the  fan  centerline,  then  staggering 
would  decrease  pitch-up  moment. 

It  is  apparent  that  symmetrical  staggering  (altitude  control)  re¬ 
duces  horizontal  thrust  and,  without  automatic  control  adjustment, 
descents  will  be  accompanied  by  a  reduction  in  horizontal 
acceleration  rate.  In  a  coordinated  control  system,  staggering 
could  be  accompanied  by  simultaneous  increase  in  vector  angle  to 
preserve  the  horizontal  force  balance  with  a  resulting  larger 
vertical  force  change  than  attributable  to  staggering  alone 
(vectoring  decreases  lift)  . 

During  asynxnetrical  staggering  (roll  control)  an  adverse  yaw  is 
developed.  In  a  coordinated  control  system  the  adverse  yaw  could 
be  eliminated  by  a  simultaneous  increase  in  vector  angle  on  the 
staggered  side  resulting  in  decreased  lift  and  a  larger  roll  moment 
than  possible  with  staggering  alone.  If  a  yaw  force  is  desired, 
vectoring  exit  louvers  further  produces  an  adverse  roll  which  has 
to  be  compensated  by  unstaggering;  this  in  turn  yields  more 
horizontal  thrust  and  increases  the  yaw  input. 

From  the  above  discussion  it  is  evident  that  a  given  altitude,  roll 

or  yaw  control  input  is  increased  by  the  additional  inputs 

necessary  to  prevent  change  in  acceleration  or  prevent  adverse 

yaw-roll  or  roll -yaw  coupling.  An  automatic  control  system  which 

would  completely  compensate  for  these  cross-couplings  is,  therefore, 

a  function  of  several  variables  such  as  P  ,3  and  V_. 

av  8  P 

Figures  117a  to  117d  are  for  a  constant  engine  power  input.  During 
fast  transient  changes  in  $av  and  f)g,  the  fan  speed  may  never  reach 
equilibrium  and  the  resulting  thrust  and  lift  changes  will  be 
Instantly  greater  than  the  steady  state  (constant  power)  values  in 
Figures  117a  to  117d.  The  changes  are  greater  during  fast 
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transients  because  the  fan  characteristic  is  such  that  increased 

staggering  unloads  the  fan  resulting  in  fan  speed  increase. 

Constant  speed  thrust  changes  are  therefore  greater  than  constant 
power  changes  and  very  fast  relative  to  fan  rotor  time  constant) 

8  changes  approximate  a  constant  speed  change.  These  control 

responses  would  depend  on  the  rate  of  change  of  8av  and  8S  and 
the  exact  fan  acceleration  and  deceleration  characteristics.*  These 
data  in  conjunction  with  the  steady  state  speed  change  shown  in 
Figures  120a  and  b  enable  the  complete  definition  of  transient  con¬ 
trol  response.  The  speed  change  figures  are  for  the  X353-5  rotor 
with  the  solid  data  points  indicating  the  X353-5B  rotor. 

All  of  the  cross-flow  thrust  and  lift  spoiling  data  are  based  on 
the  tests  with  the  X353-5  rotor  since  these  data  are  more  complete. 

Figures  12la  and  b  show  the  lift  spoiling  characteristics  of  the 
X353-5B  rotor  in-  and  out-of-ground  effects.  The  significant  point 
is  that  at  the  lowest  position,  spoiling  up  to  20°  80  has  no 
appreciable  influence  on  lift.  The  X353-5B  rotor  indicated  less 
lift  spoiling  capability  at  8g  “  30°  than  the  X353-5  rotor  but 
this  may  be  partially  the  result  of  exit  louver  wear  at  this  later 
point  in  the  program  resulting  in  a  lesser  actual  louver  angle 
than  Indicated. 

Transition  Analyses: 

The  aerodynamic  characteristics  of  the  fan  powered  aircraft  are  shown 
in  Figures  87  through  98.  Aerodynamic  differences  for  the  various 
configurations  tested  are  relatively  small  and  the  transition  charac¬ 
teristics  would  be  generally  the  same,  the  one  exception  being  the 

*  Time  constant  ■  1  “o  (  1  +  A<uS)  .  302  x  276  m  0.65  seconds 

T  V2u>  '  12800 

o 

at  m  100%  N„  (for  small  unbalanced  torque) 

r 
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short-wing  span  configuration  which  would  require  larger  angles  of 
attack  throughout  transition  to  maintain  the  same  levels  of  lift. 

The  transition  analysis  presented  here  is  based  on  the  high-wing  air¬ 
craft  configuration  as  shown  in  Figure  1  with  the  flap  angle,  6^,  set 
at  30°  but  without  the  tail  installed.  This  aircraft  model  has  a 
wing  area  of  426  square  feet,  an  aspect  ratio  of  3.5,  a  wing  taper 
ratio  of  0.5,  and  a  mean  aerodynamic  chord  of  11.44  feet.  The  X353-5 
fans  installed  in  each  wing  are  equipped  with  the  fixed  side  vane  in¬ 
let  and  have  no  inlet  closure  doors  installed. 

Two  levels  of  total  installed  lift  to  gross  weight  were  used; 

L/GW  =  1.05  and  1.20  equivalent  to  13,400  and  11,750  lbs.,  respectively. 
These  correspond  to  test  requirements  of  the  VZ-11  specification. 

Transition  Calculations  and  Procedure: 

Transition  equations  of  motion  are  summarized  in  Table  XIX. 

The  aerodynamic  characteristics  of  the  fan  powered  aircraft  are  taken 
from  Figures  87  through  98  and  plotted  as  illustrated  in  Figure  122a. 

In  this  way,  the  coefficients  and  are  available  as  a  function 
of  angle  of  attack  (a)  and  exit  louver  setting  (0)  for  any  desired 
number  of  veLocity  ratio  values  required  to  define  the  transition 
flight  schedule. 

Using  the  maximum  level  acceleration  schedule  as  an  example,  the 
equations  of  motion  (Table  XIX)  are  as  follows: 


CL 

1 

(V  )3 

v  tip' 

Hd  G.W. 

g 

CL 

(V  ,  )s 
tip' 

=  G.W. 

Assuming  fan  speed  is  constant  at  2640  rpm,  p  is  sea  level  standard 
density  and  L/G.W.  is  1.20  (G.W.  =  11,750  lbs.),  the  following 
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TRANSIT] 


Flight  Condition 


1.  Level  unaccelerated 
flight. 


2.  Level  accelerated 
flight  and  level 
decelerated  flight. 


3.  Constant  speed  climb. 


4.  Accelerated  climb  and 
decelerated  descent. 

5.  S.T.O.L. 

a.  Ground  run 


b.  Distance  for 
rotation. 


c.  Distance  to  climb 
out 


TABLE  XIX 

[  EQUATIONS  OF  MOTION 


Equations  of  Motion 


a  t \ 2  „  G.W.  dVF 

-P  ^  g  dt  0 

0  Ar(vtip)2  \  -  0-w- 

,  ,  a2  G.W.  dVp 

-p  Ap(Vtip)  Hp  g  dt 

”  Vvtip)2,,L  ”  °-w- 

dV 

-o  VvtiP>2  V0-"-  sln  8  - 

and  p  AF(vtip)2  =  G.W.  cos  9 


=  0 


\2  „  G.W.  dVP 

g  dt 


-p  AF(Vtip)  Hd“G-W-  Sln  6  = 

0  Vvtlp>2  “l  -  °-w-  cos  8 


■0  VVtip>2  -»  AF(Vtip>2  aL> 


dV 

G.W.  P 


g  dt 

„  .  TT  %.W.  „  ~'P 

or  -V^G.W.+tlHL  =  ~ £~  vp  "d^r 


dV_ 


X2  =  VP 


where  cjo  = 


tan 


-1  Vi 


03 


2G.W.  g 

G.W.  V,. 


50-X2  sin  1/2  (tan-1  ly^) 

tan  Vhl 


X5  = 
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relationships  are  calculated. 


a  =  -120.6  Hq 
=  0 ,2667 

Then,  at  each  Vp/Vt^,  for  which  the  fan  powered  aircraft  performance 
coefficients  are  plotted  as  illustrated  by  Figure  122a,  read  values 
of  a  and  3  that  correspond  to  the  maximum  negative  value  of  and 
satisfy  the  requirement  that  =  0.2667.  The  following  data 
illustrates  the  typical  results. 


V  /V 
p'  tip 

VP 

ft /sec . 

VP 

knots 

a 

deR . 

3 

deg. 

hd 

a 

f t/sec .a 

0 

0 

0 

-8 

17 

-.155 

18.70 

.05 

36 

21.33 

-8 

19.5 

-.140 

16.89 

.10 

72 

42.66 

-8 

23.5 

-.123 

14.84 

.15 

108 

63.99 

-6 

31 

-.096 

11.58 

.20 

144 

85.32 

-6 

33 

-.062 

7.48 

.25 

180 

106.65 

-6 

37.5 

-.030 

3.62 

.30 

216 

127.98 

-6 

40 

0 

0 

V  /V 
p'  tip 

a 

ft/sec  .a 

a 

ft 

At 

sec , 

t 

sec . 

As 

ft. 

s 

ft. 

0 

- 

.581 

0 

0 

0 

0 

.05 

17.80 

.525 

2.02 

2.02 

36 

36 

.10 

15.87 

.461 

2.27 

4.29 

123 

159 

.15 

13.21 

.360 

2.73 

7.02 

245 

404 

.20 

9.53 

.232 

3.77 

10.79 

476 

880 

.25 

5.55 

.113 

6.49 

17.28 

1051 

1931 

.30 

1.81 

0 

19.89 

37.17 

3938 

5869 
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In  this  cast,  changes  in  time  and  distance  are  based  on  average 
acceleration  and  velocity  values. 


At  =  —  ;  where  a  =  average  acceleration 
As  =  (At)  (Vp) ;  where  =  average  velocity 


Similar  procedures  are  followed  to  determine  the  other  transition 
schedules.  For  more  detailed  description  of  the  methods  used  for 
computing  transitions,  see  reference  17,  pages  52  to  57. 

Maximum  Level  Acceleration: 

A  maximum  level  acceleration  transition  schedule  is  shown  in 
Figures  122b  and  c.  From  Figure  122b  it  can  be  seen  that  some 
decrease  in  total  distance  covered  and  time  required  can  be  obtained 
by  choosing  an  a  and  P  schedule  which  reverses  as  flight  speed  is 
increased.  This  improvement  is  small  and  it  appears  that  the 
relative  simplicity  of  unidirectional  changes  in  these  variables  is 
more  advantageous.  As  the  gross  weight  is  decreased  to  11,750  lbs. 
in  Figure  122c  the  time  and  distance  requirements  to  complete  tran¬ 
sition  are  reduced  by  rs  50X.  The  additional  pitching  moment  require 
ments  for  these  transitions  and  the  horizontal  tail  incidence  angle 
schedules  are  shown  in  Figures  123b  to  124c.  Two  levels  are  shown. 
One  uses  the  c.g.  location  at  moment  center  No.  2  (see  Figure  2); 
this  location  results  in  higher  nose-up  trim  requirements  at  hover 
but  large  pitch  control  margin  at  intermediate  velocities,  40  knot 
The  other  level  is  based  on  an  aft  c.g.  shift  to  a  point  where 
there  is  just  enough  nose-down  trim  available  from  the  horizontal 
tail  at  es  40  knots.  This  c.g.  location  is  the  same  vertically  as 
moment  center  No.  2  but  only  ps  0.9  ft.  ahead  of  the  fan  centerline. 
The  tail  volume  coefficient  is  assumed  to  be  0.45  and  a  maximum 
CT  tail  used  is  0.6.  A  pitch  fan  mounted  in  the  nose  of  the  air- 
craft  is  assumed  to  provide  the  nose-up  moment  required  at  hover 
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and  very  low  air  speeds.  None  of  the  trim  forces  from  the  tall  or 
pitch  fan  is  included  in  the  transition  analysis  shown  in  Figures  122b 
and  122c.  If  the  trim  forces  were  included, the  transition  per¬ 
formance  would  be  slightly  improved.  Points  indicating  the  trimmed 
angle  of  attack  and  tail  position  are  shown  in  Table  XX  for  the 
aircraft  after  the  fans  are  shut  down  with  inlets  and  exits  open 
and  also  closed  to  identify  major  steps  in  the  conversion.  Moment 
caused  by  engine  thrust  was  not  considered.  In  order  to  reduce 
the  angle  of  attack  and  tall  incidence  changes  required  at  con¬ 
version,  higher  exit  louver  angles  (9  -  50°)  and  higher  angles  of 
attack  can  be  used.  This  approach  would  not  Improve  the  transition 
performance  but  it  would  be  in  the  direction  to  make  the  con¬ 
versions  smoother . 

Maximum  Rate  of  Climb: 

The  locus  of  maximum  rate  of  climb  and  climb  angle  points  is  shown 
as  a  function  of  flight  speed,  a  and  9  in  Figure  125 .  The  maximum 
angle  of  climb  occurs  at  lowest  flight  velocities  while  the  maximum 
rate  of  climb  is  possible  at  velocities  from  50  to  70  knots.  The 
large  increase  in  rate  of  climb  and  climb  angle  capability  over 
the  results  in  reference  17  is  caused  by  the  greater  margin  of 
L/GW.  The  additional  pitching  moments  requirements  are  shown  in 
Figure  126.  The  reduction  in  trim  required  relative  to  the 
maximum  level  acceleration  case  results  from  the  high  9  angle 
setting  at  and  near  hover  which  affects  the  negative  moment  from 
the  fan  lift  vector. 

Level  Deceleration  at  Constant  Angle  of  Attack: 

While  the  previous  transitions  used  maximum  constant  fan  speed, 
this  landing  sequence  uses  variable  fan  speed.  Total  time  and 
distance  to  complete  this  transition  is  similar  to  the  maximum 
level  acceleration  schedule.  Higher  deceleration  rates  than  shown  in 
Figure  127  are  possible  but  require  reversals  In  the  9  or  angle  of  attack 
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schedules.  The  additional  trim  moment  requirements  in  this,  as  in 
any  other,  landing  sequence  is  lower  than  for  take-off  transitions 
because  of  the  lower  fan  speed  required. 

Conversion : 

The  conversion  from  fan  mode  to  turbojet  mode  can  be  accomplished 
as  soon  as  the  flight  velocity  is  sufficient  to  provide  the 
necessary  lift  from  the  wings  alone.  Two  velocities  are  arbitrarily 
chosen:  110  and  120  knots.  The  angles  of  attack  required  for  trim 
lift,  fan-off,  are  shown  in  Table  XX.  The  higher  angle  of  attack 
is  necessary  for  the  condition  where  the  inlets  and  exits  are  still 
opened.  The  lower  value  of  a  is  for  the  cruise  configuration. 

Angle  of  attack  for  the  condition  where  inlets  are  opened  but  exit 
louvers  closed  falls  between  these  two  values. 

Tail  incidence  angles  for  trim  pitching  moment,  fan-off,  are  also 
shown  in  Table  XX. 

TABLE  XX 

CONVERSION  DATA  (6f  =  30°,  L/GW  -  1.05,  MOMENT  CENTER  NO.  2,  P  <=  40°) 


WinR  Supported  Flight 


Fan 

Supported 

Flight 

Closed 
Exit  & 
Inlet 

Opened 
Exit  & 
Inlet 

Closed  Exit 
Opened 

Inlet 

Stall  Speed  (Knots) 

- 

85 

93 

89 

Acceleration 

(%  of  g)  at  110  Knots 

9 

23 

21 

22 

Acceleration 

(%  of  g)  at  120  Knots 

3 

22 

19 

20 

Angle  of  Attack  - 
a  at  110  Knots 

-6 

+6 

+9 

+7 

Angle  of  Attack  - 
a  at  120  Knots 

-6 

+4 

+7 

+5 

Tail  Incidence  Angle  - 
ifc  at  110  Knots 

+9 

-1 

-4 

-2 

Tail  Incidence  Angle  - 

+8 

-1 

-3 

-2 

it  at  120  Knots 
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STOL: 

The  STOL  performance  of  this  configuration  will  not  differ 
significantly  from  the  fan-in-fuselage  STOL  performance  described 
in  reference  17.  This  is  based  on  the  total  aerodynamic  forces 
being  very  similar  for  the  two  configurations  as  well  as  the 
similarity  of  the  maximum  acceleration  transition  schedule  shown 
in  Figure  122b  and  Figure  67,  reference  17. 

Wing  Static  Pressure  Distribution: 

Wing  pressure  coefficients  are  shown  in  Figures  128a  to  128f  for 
several  velocity  ratios.  The  pressure  data  substantiates  some  of 
the  system  results.  Comparing  3  =  35°  with  0=0°  results  from 
Figure  128a,  it  is  apparent  that  the  lift  is  less  for  0  =  35°. 

The  6^  =  30°  pressure  distribution  from  the  same  figure  is  similar 
to  =  0°  except  for  the  flap  contribution.  All  of  the  data  in¬ 
dicate  a  high  velocity  region  on  the  lower  surface  along  the  side 
of  fan  discharge  (station  No.  Ill  which  is  located  m  5  inches  from 
the  fan  edge).  This  is  similar  to  the  velocity  distribution  around 
a  circular  cylinder  where  the  surface  velocity  at  the  maximum 
thickness  point  is  m2.2  times  the  free  stream  velocity.  This 
local  velocity  Increase  could  be  responsible  for  some  lift  loss. 

At  the  lowest  velocity  ratio  (Vp/V^^  =*  0.069)  there  is  no  loading 
of  the  leading  edge.  As  the  velocity  ratio  is  increased  to  0.146, 
the  leading  edge  loading  increases  rapidly  and  then  remains 
reasonably  constant  as  velocity  ratio  is  increased  further. 

Faired  Inlet  Door  Forces : 

The  system  described  and  shown  in  Figure  129  was  used  to  measure 

some  of  the  door  forces  during  the  testing.  These  data  provide 
the  basis  for  an  estimate  of  the  door  aerodynamic  hinge  moments 
with  a  reasonable  accuracy  for  design  purposes.  Figure  130  is 
a  compilation  of  some  of  the. results  to  illustrate  the  relative 
change  in  hinge  moment  as  a  function  of  test  variables. 
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The  forces  plotted  In  Figure  130  ere  for  the  outboard  door  on 
the  right  wing.  The  hover  hinge  moment  was  observed  to  vary 
approximately  at  the  square  of  the  fan  speed,  and  at  100%  speed 
was  about  3500  inch-pounds,  maximum,  tending  to  close  the  doors. 
This  number  represents  a  hinge  moment  index  of  1.0  in  Figure  130; 
however,  the  absolute  value  must  be  evaluated  for  design  by 
appropriate  consideration  of  factors  of  safety  and  other 
allowances. 


F.  FAN  MECHANICAL  PERFORMANCE 


Inlet  Configuration  Selection  and  General  Considerations : 

Rotor  blade  stresses  were  verified  to  be  one  of  the  primary  con¬ 
siderations  in  selecting  a  satisfactory  fan  inlet  configuration. 
Mechanical  evaluation  of  the  three  configurations  tested  showed 
the  following  results: 

1.  The  circular  vane  plus  fixed  side  vane  inlet  produced  the 
lowest  rotor  blade  stresses  with  a  moderate  hover  thrust 
penalty  (m  1%) . 

2.  The  articulated  vane  inlet  produced  approximately  the  same 
stress  levels  as  the  circular  vane  plus  fixed  side  vane 
inlet  with  a  large  hover  thrust  penalty  (m3  1/2%). 

3.  The  circular  vane  inlet  has  the  lowest  potential  weight 
and  simplest  design  and  the  best  hover  performance,  but 
resulted  in  the  highest  rotor  blade  stresses  during 
transition. 

With  the  circular  vane  inlet,  the  first  flexural  blade  stress  of  the 
X353-5  rotor  was  25%  over  running  limits  at  Vp  =  60  knots  and  part 
fan  speed  (N_,  =  1650).  Increased  flight  speed  and  combinations  of 
higher  fan  speed  with  higher  flight  speedB  would  both  increase  the 
blade  stress  level. 

It  was  shown  in  Farts  C  and  D  of  this  Section  that  system  per¬ 
formance  in  transition  was  nearly  Identical  with  each  of  the  three 
inlet  configurations.  The  circular  vane  only  was  not  satisfactory 
from  mechanical  considerations  and  the  articulated  inlet  system 
indicates  a  severe  hover  penalty.  The  choice  of  the  circular  vane 
with  fixed  side  vane  configuration  as  best  thus  follows: 


i 
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Mechanical  performance  presented  in  this  part  pertains  to  the 
selected  inlet,  which  is  also  planned  for  the  VZ-11  application. 

X353-5  Versus  X353-5B: 

Reorientation  of  the  blade  did  not  of  itself  have  any  significant 
Influence  on  fan  mechanical  performance.  Data  obtained  with 
either  type  rotor  is  interchangeable.  A  significant  difference 
was  associated  with  different  torque  band  designs  as  described 
in  later  paragraphs. 

Left  Wing  Versus  Right  Wing; 

The  left  wing  fan  was  used  to  investigate  the  high  speed 
characteristics  and  was  identical  to  VZ-11  hardware  with  respect 
to  blade  dovetail,  blade  orientation  angle,  torque  band  design 
(two-piece),  and  fan  rotation  direction.  The  rotor  stress 
characteristics  for  the  VZ-11  counter-rotating  right  wing  fan 
are  expected  to  be  similar  to  these  data. 

Rotor  Blade  Stresses: 

Cosine  26  Mode  -  Blade  stress  data  obtained  during  Period  II 
testing  was  analyzed  to  determine  the  cosine  20  mode  characteristic 
for  the  new  rotor  design  as  a  function  of  tunnel  speed,  exit  louver 
angle,  wing  angle  of  attack,  yaw,  fan  acceleration  time,  wing- 
fuselage  relationship,  and  fan  inlet  configuration  Including  inlet 
doors.  To  evaluate  these  parameters,  approximately  150  accelerations 
and  decelerations  were  performed. 

The  cosine  20  mode  blade  stresses  in  this  testing  appeared  to  be 
independent  of  acceleration  or  deceleration  time  through  the 
resonance  speed.  See  Figures  131a  through  d.  This  was  also  true 
of  the  Period  I  test  series  for  similar  tests  with  the  original 
rotor  design.  Earlier  fan -in -wing  static  testing  at  Evendale 
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(reference  19),  during  which  e  single  piece  torque  bend  wes  used, 
indicated  that  stress  level  was  a  function  of  acceleration  and  de¬ 
celeration  time,  but  this  was  not  conclusive  because  of  data 
scatter ;  it  is  believed  that  a  larger  number  of  test  points  at 
each  set  of  conditions  would  show  the  same  characteristic  as 
measured  at  Ames.  On  the  other  hand,  both  one  and  two-piece 
torque  band  designs  have  been  tested  in  the  fuselage  configuration 
and  show  the  blade  stress  to  be  sensitive  to  the  acceleration  and 
deceleration  rate.  The  conclusion  is  that  transient  rate  (via  J85 
throttle  or  the  diverter  valve)  is  an  important  variable  in 
determining  cosine  29  stress  level  in  the  fuselage  but  not  in 
the  wing  installation. 

Predicted  values  of  cosine  26  stress  based  on  previous  wind  tunnel 
results  are  Included  in  Figure  131a  Indicating  a  marked  reduction 
in  this  mode  stress  attributable  to  the  two-piece  torque  band 
design. 

Another  important  result  of  the  fan-in-wing  tests  has  been  to 
Identify  that  the  change  in  cosine  29  blade  stress  with  exit  louver 
setting  was  much  lower  than  predicted  from  fan -in -fuselage  data. 

All  fan-ln-wing  data  show  this  same  result.  One  factor  that  may 
cause  the  reduced  sensitivity  of  the  cosine  20  stress  to  exit 
louver  angle  setting  for  the  fan -in -wing  Installation  is  the 
characteristic  of  the  exit  louver  angle  for  minimum  throttling 
versus  cross-flow  (Vp/V^^).  ^or  the  fen -in -fuselage  Installation, 
an  exit  louver  angle  setting  of  0  «  0°  produced  minimum  throttling 
(maximum  flow)  and  increasing  0  increased  throttling  (and  stress). 

As  shown  in  Figure  80,  the  0  setting  for  minimum  throttling  in¬ 
creased  with  cross-flow  for  the  fan-ln-wing  installation.  Based 
on  this  characteristic,  it  would  be  expected  that  0  setting 
corresponding  to  minimum  throttling  should  represent  minimum  stress, 
and  changing  exit  louver  angle  from  this  setting  should  increase 
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stress.  As  shown  in  Figure  131a,  the  variation  of  stress  with  0 
setting  at  high  tunnel  velocities  did  not  produce  the  expected 
characteristic.  Another  factor  to  be  considered  is  that  the  fan 
circumferential  loading  was  not  uniform  at  high  cross -flows  which 
changed  the  back  pressure  patterns  transmitted  to  the  rotor.  The 
net  result  of  these  two  effects  apparently  reduced  blade  sensitivity 
in  the  cosine  26  mode  to  exit  louver  angle  changes. 

The  effect  of  inlet  doors,  the  mid-wing  configuration,  angle  of 
attack  and  yaw  on  cosine  20  mode  stress  was  insignificant  within 
the  range  tested  for  these  variables  (see  Figures  131e  through  h) ; 
in  some  cases  the  stress  was  lowered. 

In  addition  to  the  above  transient  data,  the  fan  was  operated  at 
the  cosine  29  mode  speed  of  2050  rpm  for  six  minutes  at  125  knots 
tunnel  speed  with  the  following  results: 


Blade 

Measured 

Stress 

Predicted 

Stress 

Test  Limit 
Stress 

Conditions 

No. 

125  knots 

3 

15,500 

0  »  35° 
a  «  0° 

7 

19,500 

20,250 

33,500 

Y  -  0° 

N  =  2050  rpm 

r 

10 

16,000 

The  data  indicate  the  measured  levels  would  probably  not  be  more 
than  2000  psi  higher  at  0  =»  45°. 

Since  the  cosine  26  mode  stress  magnitude  is  influenced  by  excitation 
from  partial  arc  admission,  it  was  believed  that  the  cosine  26  mode 

Cosine  20  mode  stress  magnitude  for  a  fan-in-wing  is  the  result  of  ex¬ 
citations  from  partial  arc  admission;  exit  louver  throttling,  inlet 
distortion  from  cross-flow,  and  loading  of  advancing  and  retreating 
blades  (relative  to  the  air  stream). 
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stresses  would  Increase  if  the  admission  arc  were  reduced  50%  to 
simulate  one-engine-out  operation.  A  blocker  (refer  to  Figure  13) 
was  put  into  the  scroll  to  simulate  the  engine-out  condition  and 
the  fan  was  operated  through  the  cosine  26  mode  resonance,  2050  rpm, 
at  20,  40,  and  60  knots.  The  stresses  were  as  shown  in  the 
following  table: 

TABLE  XXI 

COSINE  2d  MODE  BLADE  STRESSES 


Tunnel 

Velocity 

(knots) 

Stress  with 
one  engine - 
out  simulated 
(psi  -  SA) 

Stress  during 
slow  deceleration 
normal  operation 
(psi  -  SA) 

Percent 

Increase 

20 

21,500 

11,000 

95.0 

40 

19,500 

12,500 

56.0 

60 

20,500 

13,500 

52.0 

Extrapolating  the  "engine -out"  stress  data  to  higher  tunnel 
velocities  would  give  an  approximate  stress  of  20,500  -  22,500  psi.a 
If  the  527.  increase  found  at  60  knots  were  applied  at  125  knots,  the 
"engine-out"  stress  would  be  30,500  psi  versus  a  33,500  psi  cal¬ 
culated  stress  limit.  From  this  extrapolation  it  appears  that  the 
cosine  20  mode  stress  would  be  within  the  stress  limit  with  one 
engine-out  at  all  transition  speeds. 

Rotor  Blade  First  Flexural  Stress  -  The  stress  limit  for  the  first 
flexural  mode  is  based  primarily  on  the  tip  tang  and  dovetail  strength. 
The  airfoil  itself  is  strong  enough  to  permit  a  higher  stress  limit. 

For  the  X353-5B  fan,  because  of  the  stronger  single  hook  dovetail 
design,  it  is  expected  that  the  stress  limit  will  be  higher  and 


All 


stress 


levels  are  single  amplitude. 
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will  be  limited  by  the  tip  tang  strength.  Based  on 
laboratory  tests,  10,000  psi  was  selected  for  the 
tip  tang  as  a  safe  running  Unit.  This  was  obtained  from  a 
20,000  pal  run-out  point  (no  failure)  and  then  reduced  for  tem¬ 
perature  effects  and  allowance  for  blade-to-blade  stress  variation. 
The  actual  fatigue  limit  has  not  as  yet  been  determined;  however, 
more  tests  to  determine  this  limit  are  in  process. 

Stress  data  in  the  1850  rpm  speed  region  where  the  first  flexural 
mode  is  in  resonance  with  an  8/rev  excitation,  are  shown  in 
Figures  132a  and  b.  Figure  132a  shows  the  stress  as  a  function 
of  tunnel  velocity  and  exit  louver  angle  for  the  basic  airplane 
configuration  with  no  fan  inlet  doors  installed.  Note  that  the 
running  stress  limit  of  10,000  psi  is  slightly  exceeded  above 
100  knots  at  9  ■  45°.  The  overall  blade  stress  levels  for  these 
same  conditions  are  included  in  Figure  132a. 

Figure  132b  shows  that  there  is  no  significant  change  in  stress 
level  with  angle  of  attack. 

At  60  knots  and  above,  the  first  flexural  stress  was  significantly 
higher  for  the  mid-wing  aircraft  configuration  with  fan  inlet 
doors  Installed  than  for  the  basic  aircraft  with  no  doors  (see 
Figure  132b).  Changing  from  the  mid-wing  to  the  basic  (high)  wing 
caused  only  a  slight  reduction  in  stress  level.  It  is  concluded 
that  the  addition  o,f  the  faired  doors  to  the  Inlets  of  the  wing- 
mounted  fans  was  the  primary  cause  of  the  higher  first  flexural 
blade  stress.  The  blade  stress  not  only  increased  at  the  flexural 
resonance  which  is  excited  by  8/rev  inputs  at  1850  rpm  but  also 
at  speeds  above  2200  rpm  where  there  are  no  per  rev  resonances. 

Here,  the  blades  apparently  were  responding  simply  to  separated 
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flow  distortions  from  the  fen  inlet  doors. 


Stator  Stresses: 

During  static  fan-in-wing  testing  (reference  19) ,  the  stator 
stresses  were  increased  compared  with  fan-in-fuselage  levels. 

This  resulted  from  a  combined  effect  of  separated  flow  and 
resonance.  This  deficiency  was  basic  in  the  design  and  is  being 
changed  for  the  VZ-11  program.  The  single  large  stiffener  ring 
dividing  the  fan  stator  into  two  annuli  is  being  replaced  by  two 
thinner  rings.  This  corrects  both  sensitivities  by  changing  the 
natural  resonance  frequency  with  increased  stiffness,  and  the  in¬ 
creased  stiffness,  in  turn,  reduces  the  influence  of  separated  flow 
conditions.  New  full-scale  hardware  for  the  VZ-11  has  been  bench 
tested  to  verify  the  resonance  frequencies.  Actual  test  experience 
will  be  obtained  during  the  VZ-11  program.  Scale  model  testing 
indicates  no  aerodynamic  performance  penalty  because  of  the 
additional  stiffener  ring.  This  was  achieved  by  reducing  the  maximum 
thickness  to  chord  length  (tm/c)  ratio  of  the  stiffener. 

Most  of  the  wind-tunnel  testing  was  conducted  by  selecting  the 
variables  so  that  the  stator  stresses  remained  within  limits. 

For  high  speed  and  extreme  variable  ranges,  test  stiffener  rings 
were  added  (refer  to  Figure  12) ;  they  were  not  used  continuously 
to  avoid  any  performance  penalty  because  of  this  test  hardware. 

Blade  and  Stator  Stresses  in  Ground  Effect: 

Blade  and  stator  stresses  were  not  significantly  affected  by  ground 
proximity  (less  than  107.  stress  level  increase  above  the  out-of¬ 
ground  effect  values  for  all  critical  stress  modes).  This  is  in 
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marked  contrast  to  the  fan-in-fuselage  results  (stator  stress 
more  than  doubled  at  low  h/d  values)  but  these  two  configurations 

Jr 

are  basically  different  in  terms  of  the  in-flow  velocity  profiles 
which  give  a  higher  hub  loading  even  out-of -ground  effect  for  the 
fan-in-fuselage.  For  that  case  the  fan  flow  is  obtained  from  a 
column  of  air  directly  above  the  fan  requiring  the  air  in  the 
center  to  accelerate  over  the  bulletnose  to  get  into  the  fan  hub. 
For  the  fan-in-wing  case  the  air  is  obtained  from  essentially  a 
hemispherical  source  and  the  hub  velocity  is  much  lower  (the  tip 
velocities  are  higher  and  require  good  inlet  design  to  control 
bellmouth  separation) . 

The  fan  is  throttled  by  the  ground  just  as  by  vectoring  with  the 
exit  louvers  except  that  the  flow  is  turned  by  static  pressure 
gradients  which  cause  high  hub  loading.  The  initially  higher  fan- 
in-fuselage  hub  loading  causes  the  hub  to  stall  in  proximity  to 
the  ground  whereas  the  fan-in-wing  hub  performance  deteriorates 
short  of  stall. 

Increasing  f3  in  proximity  to  the  ground  has  a  similar  effect  as 
increasing  ground  height  and  tends  to  relieve  hub  loading  and 
reduce  stress  levels  approaching  out -of -ground  effect  results. 

Circular  Inlet  Vane  Stress: 

The  test  inlet  vane  was  not  representative  of  flight  type  hardware 
(over  100  pounds  weight).  Strain  gages  on  the  supports  gave  no 
indication  of  vibration. 

Normal  Speed  Operating  Stress: 

In  the  operating  range  above  the  cosine  20  resonant  speed,  78%, 
the  rotor  blade  stress  derives  from  a  torsional  resonance  at 
2350  rpm,  first  flexural  and  first  torsional  mode  stresses  excited 
by  separated  flow,  ar.d  off  resonance  cosine  20  mode  stress.  At 
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low  tunnel  velocities,  these  stresses  are  low.  As  tunnel  velocity 
increases  these  stresses  Increase  with  the  maximum  stress  occurring 
at  125  knots  tunnel  velocity.  At  125  knots  the  first  flexural  mode 
varied  from  4,500  psi  to  9,000  psi  and  was  independent  of  3  setting 
(0°  to  45°),  angle  of  attack  (+4°)  and  fan  speed  (781  to  1001). 

The  torsional  resonance  at  2350  rpm  and  the  off  resonance  cosine  26 
stress  were  not  significant  in  themselves  but  they  added  to  the 
total  stress  level. 

Combining  all  the  stresses  present  shows  that  the  blade  airfoil  and 
single  hook  dovetail  to  be  within  infinite  life  limits  and  the  tip 
tang  to  be  near  the  stress  limit  set  for  the  testing. 

When  the  faired  inlet  doors  were  tested,  the  rotor  blade  first 
flexural  stress  above  787.  N  increased  significantly  at  80  knots 
tunnel  velocity.  It  appears  probable  that  at  higher  tunnel 
velocities  the  first  flexural  stress  will  be  over  the  stress 
limit  presently  chosen.  The  limiting  stress  in  the  first  flexural 
mode  is  in  the  tip  tang.  As  described  above,  tests  are  being  made 
to  determine  more  accurately  the  true  safe  value  for  this  limit. 

To  help  alleviate  the  first  flexural  stress  an  attempt  to  reduce 
the  excitation  from  the  doors  should  be  made.  These  tests  should 
be  made  in  the  wind  tunnel  at  high  velocities  since  the  type  of 
data  is  difficult  to  extrapolate  reliably. 

Conversion : 

With  both  the  wing  and  fuselage  Installations  the  first  flexural 
and  torsional  modes  were  not  a  significant  function  of  diverter 
valve  door  actuation  rates  and,  for  very  short  actuation  times, 
these  mode  responses  did  not  change. 

As  noted  earlier,  the  cosine  26  mode  response  in  the  fuselage,  was 
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a  function  of  diverter  valve  door  closure  time,  whereas  In  the 
wing,  it  was  almost  independent  of  closure  time.  Steady  state 
operation  at  the  resonance  speed  was  a  higher  stress  indication 
than  transient  operation  through  the  resonance  range  for  the  wing 
installation.  Conversion  for  that  configuration  is,  therefore, 
not  a  special  problem.  The  fuselage  installation  was  never 
operated  steady  state  at  the  cosine  2d  resonance*  so  it  is  not 
known  if  this  would  also  be  true  for  that  configuration;  the 
tendency  toward  higher  stress  with  faster  transients  indicates 
that  conversion  stresses  may  be  higher  than  steady  state  and 
should  be  investigated. 

Temperature  Measurements: 

Bearing  Temperatures  -  Bearing  temperatures  were  well  within 
limits  for  all  test  operation. 

Wing  Temperatures  -  Temperatures  were  recorded  inside  the  wing 
in  the  vicinity  of  the  fan  installation.  Normal  operating  tem¬ 
perature  was  approximately  150°F;  however,  under  conditions  of 
high  exit  louver  settings,  this  temperature  was  recorded  as  high 
as  400°F.  The  sealing  arrangement  between  the  lower  wing  surfaces 
and  the  fan  installation  was  not  effective  in  preventing  the  hot 
turbine  exhaust  gases  from  leaking  into  the  wing.  These  high 
wing  temperatures  will  be  eliminated  by  an  improved  seal  design 
that  will  be  incorporated  in  the  VZ-11  installation. 

During  Period  I  testing,  the  high  wing  temperatures  caused  some  of 
the  instrumentation  leads  to  be  burned  off.  These  were  replaced 
with  high  temperature  Teflon  leads  for  Period  XI  testing  and  were 
no  longer  a  problem. 


Required  X353-5B  rotor  dovetail  design. 
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VI.  HARDWARE  INSPECTION  RESULTS 


Both  lift  fans  used  during  Period  I  testing  were  disassembled  and  in¬ 
spected  at  Ames  with  the  following  results: 

LIFT  FAN  S/N  001  (PERIOD  I) 

Forward  Frame  and  Scroll  (not  disassembled) : 

1.  Ball  and  roller  bearings  showed  no  sign  of  wear. 

2.  The  frame  and  scroll  were  dirty  but  no  signs  of  wear  or 
fatigue  were  observed. 

3.  The  frame  insulation  was  not  removed. 

4.  The  scroll  air  seals  had  shifted  on  the  inner  band  causing 

a  gap  of  approximately  1/4  inch  at  one  point.  See  Figure  133a. 

5.  The  forward  air  seals  were  rubbed  by  the  torque  band  causing 
a  groove,  the  maximum  depth  of  which  was  1/16  inch. 

Rotor : 

1.  The  rotor  was  completely  disassembled  and  the  following 

parts  showed  no  discrepancies  after  being  zygloed  or  magna- 


fluxed : 

a. 

Blades 

b. 

Carriers 

c . 

Torque  bands 

d. 

Tabs 

e . 

Covers 

f . 

Retainer  rings 
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2.  The  pins  were  hardness  checked, and  all  fell  within  limits. 

3.  Five  carrier  pins  were  bowed  and  were  rejected. 

Rear  Frame : 

1.  No  tear down  was  accomplished  on  the  rear  frame. 

2.  All  9  exit  louvers  were  loose  at  the  lever  arms. 

a 

3.  Three  exit  louvers  were  failed  at  the  riveted  joint  on  one  end 
of  the  louvers. 

LIFT  FAN  S/N  002  (PERIOD  I) 

Forward  Frame  and  Scroll  -  No  Discrepancies  Noted: 

Rotor : 

1.  Two  axial  cracks  about  1/8  inch  long  were  noted  from  zyglo 
inspection  of  the  forward  torque  band  (single  piece,  design 
B  -  reference  18,  Figure  3a). 

2.  Eleven  carrier  pins  were  found  sheared  approximately  0.10  inch. 
Subsequent  analysis  indicated  lack  of  proper  heat  treatment. 

3.  Four  carriers  were  damaged  in  the  process  of  disassembling 
the  partially  sheared  carrier  pins. 

Rear  Frame: 

1.  The  rear  frame  insulation  blanket  had  seven  tears  caused  by 
turbine  shroud  rubs.  See  Figure  133b. 
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2.  The  turbine  shroud  was  slightly  damaged  from  the  rub. 

3.  All  9  exit  louvers  were  loose  at  the  lever  arms. 

a 

4.  Two  exit  louvers  failed  at  the  riveted  joint  at  one  end  of 
the  louver . 

Diverter  valves  S/N  001  and  002  were  inspected  visually  and  no 
discrepancies  were  noted. 

The  J85  engines  were  sent  to  the  Aircraft  Service  Shop  of 
General  Electric,  Ontario,  California  for  inspection  and  minor 
overhaul . 

Both  fans  were  overhauled,  damaged  parts  were  repaired  or  re¬ 
placed,  modifications  were  made  as  outlined  in  Section  II,  and 
all  fan  instrumentation  was  repaired  prior  to  reinstallation 
in  the  wind  tunnel  model  in  preparation  for  Period  II  testing 
at  Ames. 

At  the  end  of  Period  II  testing,  both  fans  were  completely  disassembled 
and  inspected  with  the  following  results: 

LIFT  FAN  S/N  001  (PERIOD  II) 

Forward  Frame  and  Scroll : 

1.  No  signs  of  wear  or  fatigue  were  discovered. 

2.  A  small  piece  of  diverter  valve  heat  shield  (see  Diverter 
Valve  and  Bellows  S/N  001  paragraph)  was  found  lodged  at  the 
nozzle  inlet  to  the  scroll.  The  scroll  was  not  damaged. 
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3.  Ball  and  roller  bearings  showed  no  sign  of  wear. 

Rotor : 

1.  The  blades  were  magnafluxed  and  showed  no  Indications  of 
failure. 

2.  The  buckets  and  carriers  were  zygloed  and  were  In  good 
condition. 

3.  Zyglo  inspection  of  the  torque  band  showed  no  Indication. 

4.  A  dye  penetrant  check  of  the  diBc  and  dovetail  slots  was 
made  and  no  indications  were  noted. 

5.  A  visual  Inspection  of  the  covers,  platforms  and  pins  was 
made.  They  were  in  satisfactory  condition. 

6.  One  platform  failed  early  in  the  test  and  was  removed.  The 
aluminum  sheet  was  improperly  welded  to  the  platform  structure. 
Vehicle  operation  with  this  part  removed  was  satisfactory  with 
no  noticeable  effect  on  rotor  residual  unbalance. 


Rear  Frame: 

All  parts  were  in  good  condition  except  the  exit  louvers.  The 
pins  were  again  worn  badly  giving  a  poor  fit  at  the  actuation 
lever  arms.  Also,  the  hot  end  of  the  aluminum  louvers  were  nearly 
failed  as  experienced  during  previous  testing* 


LIFT  FAN  S/N  002  (PERIOD  II) 


Forward  Frame  and  Scroll: 

The  only  discrepancy  noted  was  a  akin  failure  in  the  bellmouth 
near  the  3  o'clock  strut  shown  in  Figure  134.  The  skin  pictured 
is  the  original  skin;  the  covering  over  the  bellmouth,  added  at 
manufacture  for  this  frame  only,  was  previously  removed  locally 
at  this  section  during  baffle  installation.* 

Rotor : 

1.  Blades  were  magnafluxed  and  the  buckets,  carriers,  and  torque 
bands  were  zygloed.  All  were  in  satisfactory  condition. 

2.  All  other  parts  were  inspected  visually  and  no  discrepancies 
were  noted. 

Rear  Frame: 

1.  Previous  turbine  rubbing  into  the  insulation  blanket  was  not 
repeated.  All  parts  were  in  good  condition  except  the  exit 
louvers . 

2.  This  set  of  exit  louvers  was  also  in  poor  condition:  pins 
were  worn  badly  giving  poor  fit  at  the  actuation  lever  arms; 
and  the  hot  ends  of  the  aluminum  louvers  were  nearly  failed. 

DIVERTER  VALVE  AND  BELLOWS  S/N  001 

1.  One  convolution  of  the  bellows  yielded  but  did  not  fail  (see 

Figure  135).  The  length  of  the  bellows  is  nominally  0.200"  longer 


a  Reference  19 
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then  print.  Indications  are  that  at  some  time  during  the  test 
history  this  bellows  had  been  improperly  installed.  It  was  re¬ 
tired  from  use  with  an  accumulated  operating  time  of  164  hours. 

2.  A  2"  x  2"  x  0.015"  piece  of  the  heat  shield  was  missing  from  the 
straight  door  of  the  diverter  valve  (see  Figure  136a  ) .  The  piece 
was  recovered  in  the  scroll.  Visual  inspection  indicates  failure 
of  several  "puddle"  welds.  These  welds  were  good  at  points  where 
thin  sections  were  joined  but  did  not  hold  where  the  heat  shield 
was  attached  to  the  much  thicker  trunnion  mount.  Inminent  failure 
of  another  piece  on  the  curved  door  is  also  apparent  from  visual 
Inspection  (see  Figure  136b).  A  complete  zyglo  check  was  performed. 

DIVERTER  VALVE  AND  BELLOWS  S/N  002 

This  diverter  valve  and  the  bellows  were  inspected  and  found  to  be  in 

good  condition. 


In  addition,  the  J85  engines  used  were  visually  inspected  and  all  parts 
appeared  to  be  normal. 


VII.  RECOMMENDATIONS 


The  nature  of  the  work  under  contract  DA  44-177-TC-584  Is  such  that 
specific  individual  recomnendations  are  made  in  the  regular  and  con¬ 
tinuing  working  relationships  between  the  contractor,  USA  TRECCM,  and 
NASA-Ames.  Such  recommendations  are  usually  presented  in  correspondence 
and  in  the  bi-monthly  technical  progress  reports  and  are  not  restated 
here.  Also,  in  the  body  of  this  report,  individual  technical  recom¬ 
mendations  are  incorporated  in  the  technical  discussions  of  which  they 
are  appropriately  an  Inseparable  part. 

The  intent  of  this  section  of  the  report  is  to  summarize  the  major 
program  recommendations  relating  to  the  continuation  of  the  work  end 
related  programs.  These  are: 

A.  Provide  NASA-Ames  with  the  government -owned  lift  fan  hardware 
obtained  for  this  contract  work.  The  other  available  lift  fan 
owned  by  General  Electric  has  been  loaned  to  NASA-Ames,  and  to¬ 
gether  these  fans  can  be  used  in  NASA- sponsored,  full-scale,  wind- 
tunnel  tests  of  a  simulated  VZ-11  airplane  by  mid  1962.  The  NASA- 
Ames  program  will  provide  advance  data  on  this  configuration 
available  for  the  VZ-11  detailed  design. 

B.  Undertake  scale-model  and  full-scale  tests  to  investigate  fan 
loading  and  stall  characteristics  of  the  fan  mounted  in  an  outboard 
wing  panel,  as  would  be  required  in  a  four  fan-ln-wlng  airplane. 
Consideration  should  be  given  to  the  effects  of:  wing  pressure  and 
velocity  fields;  active  and  inactive  fan  arc  orientation;  direction 
of  rotor  rotation;  fan  seal  clearances  (leakage);  and  inlet  design. 

C.  Undertake  ground  effect  tests  of  scale  model  or  full-scale  fan 
powered  aircraft  to  more  precisely  identify  the  aircraft  ground 
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effects  end  important  configuration  influences  including  fan 
spacing  and  location;  fuselage  shape;  wing  shape;  fan -to -wing  area 
ratio;  h/d^,;  etc.  Fan  contributions  per  se  are  now  reasonably 
well  understood.  (Some  scale  model  work  has  been  started  within 
NASA  and  reported.) 

D.  Conduct  full  -scale  tests  of  an  aircraft  model  with  various  engine 
inlet  locations  in  proximity  to  the  ground  to  identify  specific  re- 
lngestion  patterns  and  identify  possible  alternate  locations  to 
the  high,  VZ-11  type  inlet  arrangement.  Investigation  of  mixing 
devices  may  also  be  appropriate  to  such  a  study. 

E.  Complete,  as  planned  for  contract  DA  44-177-TC-715,  full-scale  wind 
tunnel  evaluation  of  one  actual  VZ-11  airplane  with  particular 
attention  to  control  effectiveness,  stability,  ground  effect,  re¬ 
ingestion  and  systems  evaluation. 

F.  Conduct  full-scale  wind-tunnel  tests  of  a  nose  mounted  pitch  con¬ 
trol  fan  (X376)  for  mechanical  and  aero -thermodynamic  evaluation 
prior  to  VZ-11  testing.  Influence  of  the  pitch  fan  on  reingestion 
and  aircraft  ground  effect  should  also  be  investigated. 

G.  Extend  contract  DA  44-177 -TC -584  to  include  the  provision  of  a 
General  Electric  prepared  sumnary  report  of  NASA-Ames,  full-scale 
simulated  VZ-11  tests  (A.  above).  Correlation  of  these  data  with 
TCREC  62-21,  reference  19,  and  this  report  would  be  of  value  in  re¬ 
fining  the  analyses  and  possibly  identifying  accurate  scaling 
parameters  for  the  different  aircraft  configurations. 

H.  Investigate  the  low  forward  speed  range  effect  on  full-scale 
fan  loading  and  efficiency.  Scale-model  tests  of  fan-in-wing  air¬ 
craft  in  the  0-to  50 -knot  flight  speed  range  with  a  very  large 
tunnel  to  model  size  relationship  to  minimize  tunnel  effects 
should  complement  this  Investigation. 
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APPENDIX  A 


TABLE  A-l  LIST  OF  SYMBOLS 

a  Velocity  of  sound  at  fan  inlet,  ft/aac. 

A  ,  Effective  flow  area 

ef 

Fan  axlt  araa  ■  17.8  aq.  ft. 

Alt  Wing  aapact  ratio,  b* /S^  m  3.5 

b  Wing  apan  ■  38.62  ft. 

c  Local  wing  chord,  ft. 

Z  Mean  wing  chord  S^/b  ■  11.03  ft. 

CQ  Drag  coefficient  D/q  (baaed  on  tunnel  q) 

C[5  Induced  dreg  coefficient,  CL*/n  AR  a 

C&  Dreg  coefficient  at  zero  lift 


Lift  coefficient,  L/q  (baaed  on  tunnel  q) 

CL  Lift  coefficient  calculated  from  wing  atetic  preaaure  diatribution 


1 


-1 


CL  Maximum  lift  coefficient  at  A  C^/Aa  -  0 

CLt  Horizontal  tail  lift  coefficient 
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TABLE  A-l  (Cont'd) 


Rolling  moment  coefficient.  Roll  Force/q  b  S 

%» 

(besed  on  tunnel  q) 


Cl 


Pitching  moment  coefficient,  M/q  cmac  (bated  on  tunnel  q) 


Wing  section  lift  coefficient 


Pitching  moment  coefficient  calculated  from  wing  static 
pressure  distribution 


ACU  Change  in  moment  coefficient  due  to  change  in  tail  incidence 

M 


b/2 


c  Mean  aerodynamic  chord 

mac 


ca  dy  .  11.44  ft. 


-b/2 


Cz  Fan  average  axial  (or  through  flow)  velocity,  ft/sec. 

d  Diameter,  ft. 

D  Basic  aircraft  drag  (fan  off-holes  covered),  lbs. 

D.  _  Interaction  drag,  lbs. 

me 

D  Ram  drag,  lbs. 

R 

Total  measured  drag  (fan  on),  lbs. 
e  Oswald  efficiency  *0.8  (assumed) 

F  Total  fan  thrust,  lbs. 

Fjg^  Thrust  from  J85  bleed  gas 

?x  Horizontal  component  of  fan  thrust,  F  [sin  (a  -  $v)]  lbs. 
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TABLE  A-l  (Cont ’d) 


s 

G.W. 

«D 

*0? 

«DN 

‘Hjr 

hg.w. 

«L 

“LF 

HP 

"t 


4 


Vertical  componanc  of  fan  thrust,  F  [coa  (Pv  -a)]  lba. 
Accalaradon  dua  to  gravity  ■  32.2  ft/sac. * 

Aircraft  groas  weight,  lba. 

Drag  coefficient,  D^/p  Ay  (Vfcl  )*  (baaad  on  fan  q) 

Drag  coefficient,  Fx/p  Ay  (Vfcl  )* 

Drag  coaf  flciant,  H^  - 

Drag  coaf flciant,  DR/p  Ay  (V  )■ 

Coaf flciant,  G.W./p  Ay  (Vtip)“ 

Lift  coaf flciant,  LT/p  Ay  (Vtlp)8  (baaed  on  fan  q) 

Lift  coefficient,  Fy/p  Ay  (Vtip)8 

Moment  coefficient,  Mj,/p  Ay  (vtip)"  cmar  (baaed  on  fan  q) 
Horsepower 

Thruat  coefficient,  F/p  Ay  (Vtip)a 

Height  of  the  bottom  of  the  fan  above  the  ground,  ft. 

Tall  incidence  angle,  degrees 

Basic  aircraft  lift  (fan  off  -  holes  covered),  lba. 
Interaction  lift,  lba. 

Total  measured  lift  (fan  on),  lbs. 

Tall  moment  arm  ■  22.14  ft. 
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TABLE  A-l  (Cont ’d) 


Basic  aircraft  pitching  moment  (tall  off,  power  off),  ft.  lba. 
Pitching  moment  due  to  exit  louver  vectoring,  ft.  lbs. 

Pitching  moment  due  to  J85  ram  drag 
Interaction  pitching  moment,  ft.  lba. 

Pitching  moment  due  to  J85  bleed  thrust,  ft.  lbs. 

Total  measured  pitching  moment  (fan  on),  ft.  lbs. 

Pitching  moment  due  to  tail,  ft.  lbs. 

Fan  spaad,  RPM  or  X  of  design  ■  2640  RPM  at  100X 
Engine  speed,  RPM  or  X  of  design  -  16,500  RPM  at  1001 
Pressure,  lbs/sq.  In. 

Fan  rotor  or  fan  stage  pressure  ratio 
Local  static  pressure,  lbs/sq.  in. 

Tunnel  total  pressure,  lbs/sq.  in. 

Tunnel  static  pressure,  lbs/sq.  in. 

Tunnel  dynamic  pressure,  lbs/sq.  ft. 

Radius  ratio,  number  of  fan  radii  from  fan  centerline 

Horizontal  tail  gross  area  -  100  sq.  ft. 

Wing  gross  area  ■  426  sq.  ft. 
o  o 

Tester ature,  R  or  F 
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TABLE  A -1  (Cont'd) 


Vp  Tunnel  or  eirplene  velocity.  Knots 

V  .  Fen  blade  tip  speed  -  720  ft/sec.  or  426.6  knots  at  2640  RPM 

tip 

V_/V  ,  Velocity  ratio  parameter  (non-dimensional) 

P  tip 

^  Airplane  stall  spaed  (fan  off).  Knots 
W  Weight  flow,  lbs/sec. 

y  Spanvise  location  from  center  line  of  the  aircraft,  ft. 

#  Flow  coefficient  -  (non“d^®*n*i°n*l) 

a  Angle  of  attack,  degrees 

0  Indicated  exit  louver  angle,  degrees 

Pi  Indicated  exit  louver  angle  for  every  other  louver  be¬ 

ginning  with  the  first  forward  louver,  degrees 


Pa 


Pv 

6 


Indicated  exit  louver  angle  for  every  other  louver  be¬ 
ginning  with  the  second  forward  louver,  degrees 

Average  exit  louver  angle  -  (Pi  +  P»)/2,  degrees 

Exit  louver  stagger  angle  -  Pa  -  Pi ,  degrees 


Effective  exit  louver  turning  angle,  degrees 
Pressure  correction  parameter,  P|a^£tnt / 14. 696 


Wing  flap  angle,  degrees 


Tail  downwash  angle,  degrees 


Fraction  of  tunnel  velocity  head  recovered  by  fan  inlet 
(includes  static  loss) 
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TABLE  A-l  (Cont'd) 


8  Temperature  correction  parameter,  TainM<tnt./518.7 

p  Maas  density,  alugs/cu.  ft. 

ui  Loss  coefficient  in  per  cent  of  fan  inlet  velocity  head 

at  the  face  of  the  rotor 

Y-i/y 

?  Aircraft  yaw  angle,  or  pressure  coefficient  ■  2  (P/P)  1  -  1 

Y"1 

SUBSCRIPTS 

c  Corrected 

F  Denotes  fan 

f  Denotes  flap  or  frontal  area 

P  Denotas  airplane 

s  Denotes  static 

t  Denotes  total  or  tail 

u  Uncorrected 

w  Denotes  wing  or  wetted  area 

10.1; 

5.3; 

etc.  Denotes  measurement  plane  identification 

oooo  Denotes  ■  0°,  P#v  *0°,  Vp  ■  0  and  h/dp  >  1.8 
(equivalent  to  zero  ground  effect) 
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Each  page  of  data  includes  two  sets  of  column  headings.  The 
column  headings  at  the  top  of  each  page  are  self-explanatory 
and  the  symbols  are  consistent  with  the  definitions  and  symbols 
presented  in  Table  A-l. 

Near  the  middle  of  each  page  of  data,  the  second  set  of  column 
headings  are  made  in  two  lines  and  correspond  to  the  two  lines 
of  data  presented  for  each  test  point.  An  explanation  of  the 
meaning  of  the  column  titles  beginning  with  the  first  double- 
lined  column  heading  is  as  follows: 

PT  -  Point  of  run 

AVG  -  Number  of  readings  used  for  average 

ALPHA  -  Corrected  Angle  of  Attack,  a,  Degrees 

BETA  -  Sideslip  Angle,  Degrees  **  Negative  of  Yaw  Angle, 

Y,  Degrees 

Q  -  Tunnel  Dynamic  Pressure,  q,  Lbs/Sq.  Ft. 

V,  NCM  -  Equivalent  Nominal  Velocity,  Ft/Sec. 

LIFT,  U  -  Total  Measured  Lift,  Lbs. 

CL*QS  -  Total  Measured  Lift,  Lbs. 

DRAG,  U  -  Total  Measured  Drag,  Uncorrected,  Lbs. 

CD*QS  -  Corrected  Drag  »  Cp  q  Sw>  Lbs. 
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M,U  -  Total  Measured  Pitching  Moment,  Uncorrected,  Ft-Lbs. 

CM*QSC  -  Corrected  Pitching  Moment  «  q  cmac 


CL  -  Lift  Coefficient,  CL 

CY  -  Side  Force  Coefficient,  Uncorrected 

CD  -  Corrected  Drag  Coefficient,  CQ 

CN  -  Yawing  Moment  Coefficient,  Uncorrected 

CM  -  Corrected  Pitching  Moment  Coefficient,  Cj^ 

CROLL  -  Rolling  Moment  Coefficient,  Uncorrected 

SIDE  F,U  -  Total  Measured  Side  Force,  Uncorrected,  Lbs. 

CY*QS  -  Total  Measured  Side  Force,  Uncorrected,  Lbs. 

YAW.U  -  Total  Measured  Yawing  Moment,  Uncorrected,  Ft-Lbs. 

CN*QSB  -  Total  Measured  Yawing  Moment,  Uncorrected,  Ft/Lbs. 

ROLL,  U  -  Total  Measured  Rolling  Moment,  Uncorrected,  Ft-Lbs. 

CL*QSB  -  Total  Measured  Rolling  Moment,  Uncorrected,  Ft-Lbs. 


Corrections : 


Data  includes  tunnel  corrections  as  described  in  Section  IV. 


Period  II  data  (test  runs  numbered  II-l  through  11-22)  corrections 
as  described  in  Section  IV  should  be  applied  to  account  for  the 
different  mounting  system  above  the  wind  tunnel  support  struts. 


Period  I  data  (test  runs  numbered  1-1  through  1-27)  corrections  for 

l 

tunnel  dynamic  pressure  must  be  applied  to  the  following  tabulated 
parameters:  CL,  CD,  CM,  CY,  CN,  CROLL  and  V,  NOM.  The  correction 
factors  (q/qc)  are  listed  in  the  last  column  at  the  top  of  each 
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page  for  those  runs  to  be  corrected.  The  tabulated  coefficients 
are  corrected  as  follows: 

-  tabulated  CL  (q/qc) 

CD  o  tabulated  CD  (q/qc)  etc.,  for  CM,  CY,  CN  and  CROLL 
The  velocity  can  be  corrected  as  follows: 

V,  NOM  -  tabulated  V,  N0M//q7qc 
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1.  Th«  n*H  of  tht  aircraft  palatal  touch. 

2.  Tha  flap*  ware  at  30*  and  tha  lafe  wing  tip  mi  raaovad, 

3.  Tha  left  fan  lad  the  fiaad  venea  raaovad  and  had  nlna  alx-lnch  vana  atuba  voided  to  tha  circular  wana 
pointing  radially  toward#  tha  huh.  Tha  right  fan  lnlat  vaa  unchanged  fro*  tunnal  taata  (circular 
vana  plua  flaad  alda  vana  lnlat). 
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APPENDIX  B 


FIGURE  1.  NASA  FAN-IN-WING,  FULL  SCALE  WIND  TUNNEL  MODEL 


WING  CONFIGURATION  #1 


Arn 

Aapact  Ratio 
Tapar  Ratio 
Ha  an  Aarodynaalc  Chord 
Airfoil  Saction 

WING  CONFIGURATION  0  2 

Araa 

Aapact  Ratio 
Tapar  Ratio 
Maan  Aarodynaalc  Chord 
Airfoil  Saction 

HORIZONTAL  TAIL 

Araa 

Aapact  Ratio 
Tapar  Ratio 
Airfoil  9ectlon 


426  Squara  Faat 

L  3 
0.5 
11.44 
65-210 


305.9  Squara  Faat 

2.0 

0.68 

12.50 

65-210 


100  Squara  Faat 
4.97 
1.0 

63-009 


FIGURE  2.  SKETCH  OF  NASA  FULL-SCALE  AIRCRAFT  MODEL 
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FIGURE  3.  SCHEMATIC  OF  LEFT  AND  RIGHT  WING  FAN  EXIT  LOUVER  INSTALLATION 


FIGURE  4.  VIEW  OF  FAN  INSTALLED  IN  WING  SHOWING  THE  CIRCULAR  VANE  INLET 
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IGURE  5.  CIRCULAR  VANE  WITH  FIXED  SIDE  VANES  INLET  CONFIGURATION 


FIGURE  6.  ARTICULATED  INLET  LOUVER  SYSTEM,  CLOSED  POSITION 


FIGURE  7.  ARTICULATED  INLET  LOUVER  SYSTEM,  OPEN  POSITION 


Articulated  Inlet  Vane  Angle  -  Degrees 


#4  #5 

A1 


Centerline 
of  Fan 


0  10  20  30  40  50 

Indicator  Reading 


FIGURE  8  -  ARTICULATED  INLET  VANE  ANGLE  VERSUS  INDICATOR 

READING 
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Articulated  Inlet  Vane  Indicator  Setting 


Desired  Setting  Based  on 
Scale  Model  Testing 


0  0.1  0.2  0.3  0.4  0.5 

Velocity  Ratio  -  Vp/V^ 

FIGURE  9  -  ARTICULATED  INLET  VANE  INDICATOR  SETTING  VERSUS 

VELOCITY  RATIO 
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FIGURE  10.  FAN-IN-WING  TEST  MODEL  WITH  FUSELAGE  ADDITION  FOR  MID-WING 
VZ-11  SIMULATION  AND  FAIRED  INLET  CLOSURE  DOORS 
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FIGURE  13.  SCROLL  BLOCKER 
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FIGURE  14.  FAIRED  INLET  DOOR  INSTALLATION 


FIGURE  15.  GENERAL  ARRANGEMENT  FOR  FLIGHT  LINE  TESTING  "OUT  OF 
GROUND  EFFECT";'  RIGHT  FAN  h/cL,  =  1.82 
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FIGURE  16.  GENERAL  ARRANGEMENT  FOR  FLIGHT  LINE  TESTING  "IN  GROUND 
EFFECT";  LEFT  FAN  h/dp  =  0.98 


9- 


FIGURE  I7a .  DETAILS  OF  GROUND  EFFECT  TEST  SETUP  FOR  LEFT  WING 


FIGURE  17b.  DETAILS  OF  GROUND  EFFECT  TEST  SETUP  FOR  LEFT  WING 
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FIGURE  19.  INLET  VANE  CONFIGURATION  (LEFT  FAN  ONLY)  FOR  GROUND 
EFFECT  TESTS 
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FIGURE  20  -  SCHEMATIC  OF  INSTRUMENTATION  PLANES 


UNPOWERED  AIRCRAFT  PERFORMANCE 


UNPOWERED  AIRCRAFT  PERFORMANCE 


FIGURE  23  -  UNPOWERED  AIRCRAFT  PERFORMANCE 


FIGURE  26  -  UNPOWERED  AIRCRAFT  PERFORMANCE 


FIGURE  27  -  UNPOWERED  AIRCRAFT  PERFORMANCE 
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FIGURE  32  -  UNPOWERED  AIRCRAFT  PERFORMANCE 
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FIGURE  36  -  UNPOWERED  AIRCRAFT  PERFORMANCE 


UNPOWERED  AIRCRAFT  PER: 
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FIGURE  38  -  UNPOWERED  AIRCRAFT  PERFORMANCE 


0  20  40  60  80  100 

Flight  Speed  -  Knots 


FIGURE  39 


REYNOLDS  NUMBER  BASED  ON  WING  MEAN  AERODYNAMIC 
CHORD  VERSUS  FLIGHT  SPEED 


All  Data  at  a  -  0° 

Q  Power  Off,  6^  =  60° 

^  Power  On,  3  60°,  0  =  0° 

^  Power  On,  6^  -  30°,  P  »  0° 


0  5  10  15  2- 

Change  in  Tail  Incidence  Angle  -  Aifc  -  Deg. 


FIGURE  40 


CHANGE  IN  PITCHING  MOMENT  COEFFICIENT 
WITH  CHANGE  IN  TAIL  INCIDENCE  ANGLE 
(a  -  0°) 
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FIGURE  43  -  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 


FIGURE  44a.  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 


FIGURE  44b 


ROTOR  DISCHARGE  PRESSURE  COEFFICIENT! 
VERSUS  VELOCITY  RATIO 


Kotor  Discharge  Pressure  Coefficient  ~ 
(at  SOX  of  Blade  Height  on  Rake  F) 


Velocity  Ratio  -  V„/V  . 

r  tip 


FIGURE  44c 


ROTOR  DISCHARGE  PRESSURE  COEFFICIENT  VERSUS 
VELOCITY  RATIO 


FIGURE  45  -  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 


FIGURE  kb  -  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 


FIGURE  47  -  FAN  HORSEPOWER  PARAMETER  AND  EFFICIENCY  VERSUS  VELOCITY  RATIO 


FIGURE  48.  FAN  PRESSURE  RISE  COEFFICIENT  AND  EFFECTIVE  AREA  COEFFICIENT 
VERSUS  VELOCITY  RATIO  (CIRCULAR  VANE  INLET) 


FIGURE  49a.  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 


Kotor  Discharge  Pressure  Coefficient  ~  Y  (Rake  B) 


Right  Fan  -  X-353-5  Rotor 


0-0°,  P  -  0°,  6{  m  30° 

Vvtip  -  °-29 


FIGURE  49b  -  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 
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Right  Fan  -  X-353-5  Rotor 

o=0°,  g  =  35°,  6f  =  30° 
Vp/Vtip  =  0.29 


0 

Hub 


20  40  60  80 

Percent  Annulus  Area 


100 

Tip 


FIGURE  49c  -  ROTOR  DISCHARGE  PRESSURE  COEFFICIENT  VERSUS  PERCENT 

ANNULUS  AREA 
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PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 
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FIGURE  51  -  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 
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FIGURE  54  -  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 


FIGURE  55  a  -  MASS  AVERAGED  FAN  INLET  LOSS  COEFFICIENT  VERSUS  VELOCITY  RATIO 


Average  Pressure  Level  at  Fan  Rotor  Face  -  PSIA 


FIGURE  56  -  MASS  AVERAGED  FAN  PRESSURE  RISE  COEFFICIENT  VERSUS  VELOCITY  RATIO 
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Drag  Coefficient 


Calculated  From  Total  Measured 

.0 

0  =  0 

Where: 

Drag  (Includes  Interaction  Drag) 

6*  »  30° 

O  B  » 

0° 

■  Calculated  Fro*  Fan 

1 

Ob  - 

--O 

Internal  Performance 

Tall  On 

35 

CD  -  0.105 

□  B  - 

40° 

FIGURE  60 


FAN 


DRAG  COEFFICIENT  VERSUS 


VELOCITY  RATIO 


FIGURE  61  -  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 


FIGURE  62  -  PRESSURE  AND  FLOW  COEFFICIENTS  VERSUS  PERCENT  ANNULUS  AREA 


FIGURE  64  -  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 


Fixed  Side  Vue  Inlet 


FIGURE  65b.  PRESSURE  COEFFICIENT  VERSUS  PERCENT 


FIGURE  66  -  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 


FIGURE  67  -  PRESSURE  AND  FLOW  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 


Rotor  Inlet  Flow  Coefficient  -  ^  ^ 

Rotor  Discharge  Pressure  Coefficient 


Left  Fan  -  X353-5B  Rotor 


h/d,,  =0.98 
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Simulated  Fixed  Inlet-Static 


Unf aired 
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Percent  Annulus  Area 


FIGURE  68  -  PRESSURE  AND  FLOW  COEFFICIENTS  VERSUS 

ANNULUS  AREA  FOR  FAIRED  AND  UNFAIRED 
CLOSURE  DOORS. 


FIGURE  69  -  FLOW  AT  FAIRED  DOORS  FROM  TUFT  OBSERVATIONS 


FIGURE  70  -  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 
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FIGURE  72  -  PRESSURE  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 


FIGURE  74  -  PRESSURE  AND  FLOW  COEFFICIENT  VERSUS  PERCENT  ANNULUS  AREA 


Vertical  Lift  to  Total  Thrust  Ratio  -  F  /F 


X353-5  ~  Evendale  Tests  -  1961 


—  -  X353-5B  ~  Ames  Ramp  Tests  - 

February  1962 


X353-5B  ~  Evendale  Flightworthlne 
Tests  -  April  1963 


FIGURE  75  -  VERTICAL  LIFT  TO  TOTAL  THRUST  RATIO  VERSUS  EXIT 

LOUVER  ANGLE  (STATIC) 
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Np  at  Pav  -  0*,  Vp  -  0,  is  1005& 


FIGURE  76.  FAN  SPEED  CHANGE  AT  CONSTANT  THROTTLE  VERSUS  FLIOIT 
VELOCITY  AND  EXIT  LOUVER  ANGLE  FOR  THE  X353-5  FAN 
IN  THE  LEFT  WING 
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Flight  Velocity  -  Vp  -  Knots 


FAN  SPEED  CHANGE  AT  CONSTANT  THROTTLE  VERSUS  FLICffli 
VELOCITY  AND  EXIT  LOUVER  ANGLE  FOR  THE  X353-5B  FAN 
IN  THE  LEFT  WING 


FIGURE  77b  - 


HOVER  FAN  SPEED  CHANGE  AT  CONSTANT  THROTTLE 
VERSUS  EXIT  LOUVER  VECTOR  AND  STAGGER  ANGLES 
FOR  THE  X353-5B  FAN  (EVENDALE  FLIGHTWORTHINESS 
TESTS) 
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Pan  Flow  Coefficient  Ratio  -  */*  QOOQ 


Where 


Fan  In  Wing 


0  0.1  0.2  0.3  0.4  0.5 


Velocity  Ratio  -  Vp/Vtip 

FIGURE  80.  FAN  FLOW  COEFFICIENT  RATIO  VERSUS  VELOCITY  RATIO 
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FIGURE  81  -  SOUND  LEVEL  SURVEY  DATA  (RAMP  TEST) 


FIGURE  82a.  TEMPERATURE  RATIO  VS.  HEIOTT  ABOVE  GROUND 


FIGURE  82b.  TEMPERATURE  RATIO  VS.  HEIOTT  ABOVE  GROUND 
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FIGURE  82c.  TEMPERATURE  RATIO  VS.  HEIGHT  ABOVE  GROUND 


FIGURE  83a.  TEMPERATURE  RATIO  VS.  HEIfflT  ABOVE  GROUND 


FIGURE  83b.  TEMPERATURE  RATIO  VS.  HEIGHT  ABOVE  GROUND 
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FIGURE  83c.  TEMPERATURE  RATIO  VS.  HEIGHT  ABOVE  GROUND 


in 
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FIGURE  84a.  TEMPERATURE  RATIO  VS.  HEIfflT  ABOVE  G1 


FIGURE  84b.  TEMPERATURE  RATIO  VS.  HEIGHT  ABOVE  GROUND 
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FIGURE  84c.  TEMPERATURE  RATIO  VS.  HEIGHT  ABOVE  GROUND 
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FIGURE  85.  FUSELAGE  SKIN  TEMPERATURE  RATIO  IN  GROUND  EFFECT 
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Dr«4  Coefficient 


FIGURE  86. 


LIFT,  DRAG  AND  MOMENT  COEFFICIENT  (SLIP 
NOTATION) VERSUS  VELOCITY  PARAMETER 
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FIGURE 
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Velocity  Ratio  - 


FAN  POWERED  AIRCRAFT  PERFORMANCE 


FIGURE  88*  -  FAN  POWERED  AIRCRAFT  PERFORMANCE 
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Velocity  Ratio  *  V^/V^ 


FAN  POWERED  AIRCRAFT  PERFORMANCE 


»«lKtty  UtU  - 


FAN  POWERED  AIRCRAFT  PERFORMANCE 
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FIGURE  90b  -  FAN  POWERED  AIRCRAFT  PERFORMANCE 
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FIGURE  91b  -  FAN  POWERED  AIRCRAFT  PERFORMANCE 
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FIGURE  92* 


FAN  POWERED  AIRCRAFT  PERFORMANCE 


FIGURE  92b  -  FAN  POWERED  AIRCRAFT  PERFORMANCE 
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FIGURE  93b  -  FAN  POWERED  AIRCRAFT  PERFORMANCE 
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PAN  POWERED  AIRCRAFT  PERFORMANCE 
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FIGURE  94b  -  FAN  POWERED  AIRCRAFT  PERFORMANCE 
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FIGURE  95a  -  FAN  POWERED  AIRCRAFT  PERFORMANCE 
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FIGURE  96  -  FAN  PCWERED  AIRCRAFT  PERFORMANCE 
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FIGURE  97a 


FAN  POWERED  AIRCRAFT  PERFORMANCE 


FIGURE  97b  -  FAN  PCWERED  AIRCRAFT  PERFORMANCE 
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Interaction  Lift  Coefficient 


Where : 


1.  0  =  0"  5  =  0U 

2.  0  -  0°,  6*  *  30° 

3.  0=0,  6. >30  Short  Span  Wing 

4.  B  =  35*  fi!  =  0° 

5.  0s  35  ,  bl  -  30 

6.  0  =  35°,  6j  =  30°  Short  Span  Wing 

—  Fan  in  Fuselage,  Ref.  17,  0  =  0° 


Velocity  .Ratio  -  Vp/V^ 


FIGURE  99.  INTERACTION  LIFT  COEFFICIENT  VERSUS  VELOCITY  RATIO 


Velocity  Ratio  -  Vp/Vtl 

FIGURE  100.  FAN  LIFT  COEFFICIENT  VERSUS  VELOCITY  RATIO 


FIGURE 


60  70  80  90  100 

Fan  Speed  -  ^  of  Design 


TOTAL  FAN  THRUST  COEFFICIENT  VERSUS  FAN  SPEED 
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Interaction  Moment  Coefficient 


Drag  Coefficient  -  H  ,  H  and  H, 


Nf  «*  65% 

H_„  Includes  J8S  Ran  Drag 


FIGURE  103.  FAN  DRAG  COEFFICIENTS  VERSUS  VELOCITY  RATIO 
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Where 


FIGURE  104.  LIFT  CENTER  CHANGE  VERSUS  VELOCITY  RATIO 


Where : 


FIGURE  105.  INTERACTION  DRAG  COEFFICIENT  VERSUS  VELOCITY  RATIO 


Where 


:  or0* 

□  p  -  20- 

o  P  -  35‘ 


o 

<i 


c 

a 


FIGURE  106.  LIFT  COEFFICIENT 


«  Range  -4*  to  +10* 


6f  ’  30* 


*E  VERSUS  VELOCITY  RATIO 


Lift  Coefficient 


Where 


ran  la  Wing  «f  -  30* 
yen  la  fuselage  9f  ■  0*; 


0  0.1  0.2  0.3  0.4 

Velocity  ratio  -  vpAtlp 

FIGURE  109.  LIFT  COEFFICIENT  VERSUS  VELOCITY  RATIO 
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®  Range  -4*  to  +10' 


Whara: 


•  Tail  Off;  0  -  O* 
O  it  -  0*;  0  -  0* 

□  h  -  0*;  0  -  20* 


O  *t  -  0«;  |  -  35* 


FIGURE  111.  MOMENT  COEFFICIENT  SLOPE  VERSUS  VELOCITY  RATIO 


IThere: 

1  • 
2. 

3. 

4. 

3. 


FIGURE  112 


Circular  vane  only  0  =  0 
Circular  vane  only  0  =  35 
Circular  vane  and  fixed  aide  vanes  0=  0 
Circular  vane  and  fixed  side  vanea  0=  35 
Circular  vane  and  articulated  louvers  0=0 
Circular  vane  and  articulated  louvers  0=3! 


Velocity  Ratio  -  Vp/V^ 


MOMENT  COEFFICIENT  VERSUS 
RATIO 


rag  Coefficient 


0.10  0.20  0.30  0.40 

Velocity  Ratio  -  Vp/V^ 


FIGURE  114a,  DRAG  COEFFICIENT  VERSUS  VELOCITY  RATIO 
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Drag  Coefficient 


0.2 


-0.6 


0.10  0.20  0.30  0.40 

Velocity  Ratio  -  Vp/Vt^ 

FIGURE  114c.  DRAG  COEFFICIENT  VERSUS  VELOCITY  RATIO 
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Lift  Coefficient 


O  P  ■»  0°  a  ■  0° 

O  P  -  35°  6f  -  30° 

d  P  -  50°  it  -  0° 

1  —  Inlet  end  Exit  Closed  (Power  Off) 


0.35  0.40  0.45  0.50  0.55  0.60 

Velocity  Ratio  -  Vp/Vtlp 

FIGURE  113a  -  LIFT  COEFFICIENT  VERSOS  VELOCITY  RATIO 
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wner  a : 


a 


0.40  0.50  0.60 

Velocity  Ratio  -  Vp/Vt^p 

FIGURE  115b.  MOMENT  AND  DRAG  COEFFICIENTS  VERSUS 
VELOCITY  RATIO 
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a 
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FIGURE  116  -  COMPARISON  OF  POWER-OFF  AND  HIGH  VELOCITY  RATIO  POLAFS 


Lift  Decrease  by  Staggering  Drag  Increase  by  Staggering 

*VF« _ _  Percent  bDjf _ ,  Percent 


where: 


OP,  -  10° 
□  P,  -  20° 
OP  -  30° 
Aft  .  40° 


FIGURE  117b.  TOTAL  LIFT  AND  DRAG  VARIATION  VERSUS  3  AND 
Vp/Vtlp  AT  CONSTANT  J85  ENGINE  POWER  8 
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Fan  Speed  Change  from  Fan  Speed  Change  from 

g  =0  Value  -  Percent  g  =0  Value  -  Percent 


Open  Symbols  -  X353-5  Rotor 
Solid  Symbols  -  X353-SB  Rotor 


Velocity  Ratio  -  V_/V^. 

r  tip 


FIGURE  120b.  FAN  SPEED  CHANGE  VERSUS  VELOCITY  RATIO  AND 
,  AT  CONSTANT  J85  ENGINE  POWER 
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Lift  Decrease  by  Staggering  -  AL_/F  -  Percent 

T  oooo 


Where : 


O  eB  -  10° 

□  P  -  20° 

8  h/dp  -  1.82  X353-5B  Rotor 

O  P8  -  30° 

^  3  “  40° 

8 

~~  Reference  19,  X353-5  Rotor  at  2.3  h/d 

F 


FIGURE  121a  -  TOTAL  LIFT  VARIATION  VERSUS  3av  AND  3g  AT  1.82  h/d 

AND  CONSTANT  J85  ENGINE  POWER 
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FIGURE  I21b  -  TOTAL  LIFT  VARIATION  VERSUS  g  AND  g  AT 

iv  s 

0.98  h/dF  AND  CONSTANT  J85  ENGINE  POWER 
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FIGURE  122a.  LIFT  AND  DRAG  COEFFICIENTS  VERSUS  ANGLE  OF  ATTACK  AND 
EXIT  LOUVER  ANGLE 
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6000 


0  20  40  60  80  100  120 

Flight  Velocity  -  Vp  (Knots) 


FIGURE  122c.  TRANSITION  CHARACTERISTICS  -  MAXIMUM  LEVEL  ACCELERATION 

L/GW  =  1.20,  Np  =  100%,  X353-5  ROTOR,  6f  =  30°,  W/S  =  27.6 
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exit  closed 


FIGURE  124a.  HORIZONTAL  TAIL  INCIDENCE  ANGLE  FOR  TRIMMED  FLIGHT  VERSUS 
FLIGHT  VELOCITY  -  MAXIMUM  ACCELERATION  TRANSITION 


FIGURE  129  -  DIAGRAM  OF  TEST  SET-UP  FOR  MEASUREMENT  OF  FAN  CLOSURE 

DOOR  HINGE  MOMENTS 
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FIGURE  131a  -  COSINE  26  MODE  STRESS  AS  A  FUNCTION  OF  FLIGHT  SPEED  AND  EXIT 
LOUVER  SETTING  (FIVE  SECOND  DECELERATION) 


FIGURE  131U  -  COSINE  20  MODE  STRESS  AS  A  FUNCTION  OF  FLIGHT  SPEED  AND  EXIT 

LOUVER  SETTING  (ONE  SECOND  DECELERATION) 


FIGURE  131d  -  COSINE  29  MODE  STRESS  AS  A  FUNCTION  OF  FLIGHT  SPEED  AND  EXIT  LOUVER 


(FIVE  SECOND  DECELERATION) 


FIGURE  131g  -  COSINE  20  MODE  STRESS  AS  A  FUNCTION  OF  FLIGHT  SPEED  AND  ANGLE  OF 

ATTACK  (FIVE  SECOND  DECELERATION) 


FIGURE  L31h  -  COSINE  29  MODE  STRESS  AS  A  FUNCTION  OF  FLIGHT  SPEED,  AIRPLANE 
CONFIGURATION,  YAW  ANGLE  AND  ANGLE  OF  ATTACK  (FIVE  SECOND 
DECELERATION) 


FIGURE  132a  -  OVERALL  AND  FIRST  FLEXURAL  RESONANCE  STRESS  AT  1850  RPM  VERSUS 

FLIGHT  SPEED 


FIGURE  132b  -  FIRST  FLEXURAL  RESONANCE  STRESS  AT  1850  RPM  VERSUS  FLIGHT  SPEED 


FIGURE  133a.  SCROLL  AIR  SEAL  LEAK  (FAN  001) 


FIGURE  133b  TURBINE  RUB,  REAR  FRAME  INSULATION  BLANKET  (FAN  002) 
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YIELDED  CONVOLUTION  IN  BELLOWS  S/NOOl  (1st  &  2nd 
CONVOLUTIONS  FROM  BOTTOM) 


FIGURE  135 


FIGURE  136a 


'STRAIGHT"  DIVERTER  VALVE  DOOR,  S/N001,  SHOWING  FAILED  PIECE 
OF  HEAT  SHIELD 
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FIGURE  136b.  "CURVED''  DIVERTER  VALVE  DOOR,  S/NOOl  SHOWING  SEPARATED 
HEAT  SHIELD 
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Propulsion  and  aircraft  performance  and  Propulsion  and  aircraft  performance 

interactions  are  discussed.  interactions  are  discussed. 


This  report  covers  107  hours  of  testing  in  This  report  covers  107  hours  of  testing  in 

the  NASA-Ames,  40'  x  80'  Wind  Tunnel  and  the  NASA-Ames,  40'  x  80'  Wind  Tunnel  and 

6  hours  of  outdoor  ground  effect  testing  6  hours  of  outdoor  ground  effect  testing 

at  Ames.  at  toes. 
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